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LETl^ER OF TRANSMITTAL. 



FoBESTET Division, Department op Ageicultuee, 

Washington, B. C, May 30, 1887. 
Sib : I have the bouor to submit for pubbcatiou as a special bulletin, 
prepared under your instructions, a collection of reports, illustrating 
the Eelatiou of our Eailroads to Forest Supplies and Forestry, and 
pointing out on a practical basis bow an economy in the use of forest 
supplies by the railroads can be effected. 
Eespectfully, 

B. B. FERNOW, 
Chief of Forestry Division. 

Hon-NOBMAN J. COLMAK, 

Commissioner. 
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INTEODUOTOEY. 



The following Reports, written mostly by experts, form a more or less 
exbaiistive account of what tlie railroads of oar coantry bave done or 
are doing to deplete our forests, and show how the wastefulness in the 
use of material, which is in danger of great diminution if not exhaustion, 
may be checked, to some extent, by increasing its durability through 
the employment of pi'eserving processes; by substituting, where ad- 
missible on financial grounds, other material; by observing conditions 
in its use hitherto largely overlooked; and, lastly, by insuring a con- 
tinuance of supply through active forestry work ou the part of railroad 
companies and in other ways. 

Considering the wasteful manner of getting out railroad timber, it 
can be fairly estimated that to build our present railroad system more 
than one hundred million acres, or one-fifth of our present forest area, 
were stripped during the last fifty years, and the next fifty will very 
likely call for more than double that amount, judging from the accel- 
erated development which is probable and the requirements for re- 
newal- 
While railroads have done much for the growth and development of 
our country, they are also responsible for much of the hindrance to re- 
form in the use of our forest resources. The rapid extension of our 
railroad system has brought within reach of markets distant forest 
areas, where, to make lumbering profitable in the absence of home con- 
sumption for the inferior gradea of material and leavings, wasteful and 
destructive methods of utilization have to be employed. 

While, therefore, directly and indirectly, railroad enterprises have 
coQtributed largely to a considerable reduction {if not destruction) of 
forest supplies, it might be presumed that, depending as they do on 
these supplies and being bytheirown continuous character most deeply 
concerned in their continuation, the railway companies would feel a 
special interest in forest preservation. 

With this view the following reports have been prepared as aids to 
a proper appreciation of our wood material and its economical use. 

The report of Mr. M. G. Kern has been written after much corre- 
spondence with railroad managers. Extracts from this correspondence 
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are appeoded, with the design of showing whatever objections have 
been raised to the practicability of railroad companies engaging in 
active forestry. 

I would call particular attention to the original worfa of Mr. P. H. 
Dadloy, the stud; of which will prepare one for a more critical eeti- 
mate of the processes employed for wood preservation, so ably pre- 
sented by Ool. Henry Flad, to which also some notes have been ap- 
pended taken from a paper kindly prepared by Mr, Howard Constable, 
0. E. These papers are intended to apx>eal and give information to the 
bosiness or unprofessional man who may be interested in the subject, 
and who is frequently the motive power of operations conducted by 
professional men. It should be added, that while it has been the cus- 
tom to describe the different processes of wood preservation, coupling 
each with the use of certain antiseptics, or, vice versa, to speak of anti- 
septics as necessitating the employment of certain processes; and 
though in the main Colonel Flad has followPtl tbia customary treat- 
ment of the subject there is no good reason for continuing such strict 
classification: the practical man will observe the practical expedients 
of all the processes and select and combine them to meet the require- 
ments of his special case, catting awa,y fh>m the hampering influence 
of mere precedent, and adopting the best means to an end, thus carry- 
ing out what Mr. Constable is pleased to call the "American idea of 
wood-preserving processes." 

In connection with these papers I would also refer the reader to a 
very valuable report on wood-preservation made by a committee of the 
American Society of Civil Engineers to that body at its annual conven- 
tiou in Jnne, 1885. 

A new interest in the line of wood-preserving processes has been 
added in the economical applications of wood -creosote oil, made ftom 
the Sonthem pine, a report on which was kindly prepared by Capt Wm. 
H. Bixby, U. S. A. 

Particular attention is called to the reference table for comparing 
annual charges, prepared by the writer, which does away with all cum- 
bersome calculations hitherto practiced even by engineers. 

The notes on metal ties, prepared in this ofSce, though perhaps not 
exhaustive, will furnish nevertheless ready references for the nse of 
engineers, and give cumulative evidence of the practicability and de- 
sirableness of this substitute for wooden ties. While the treatment of 
this subject &om the railroad engineer's point of view may seem at 
first sight not germane to the work of the Forestry Division, I think it 
cannot be denied that forest preservation must be indirectly but most 
effectively and practically promoted among this class of consumers by 
just such a presentation of the experiences, so far had, with a substitute 
for what involves one of the most wasteful and destructive nses of our 
forest resources. 
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With the iiDproTement which has been made in the laws and in their 
ezeoatioii, regarding fires set by locomotives, providing a more ready 
method for the collection of damages, the ase of spark arresters has 
been considerably extended, and the two papers on the subject of this 
means of preventing frea, prepared by well-known railroad engineers, 
and pre&ced by Mr. K. H. Egleston, it is hoped, may weigh sufficiently 
with companies not yet provided with those contrivances to indnoe 
their adoption in ord^ to avoid one caose of useless forest devastation. 

B. E. F. 



^dbyGooglu 



j,G(x)glc 



THE RELATION OF RAILROADS TO FOREST SUP- 
PLIES AND FORESTRY. 



By M. G. KEBlf, Agent of the B^artment. 



A discassion of the relation of tbe railways to the forests of America 
may be preceded appropriately by a glaoce at tlie origin and growtli of 
tbe railroad ay stem. 

The year 1825 will be always memorable iu American history for the 
completion of the first great work of internal improvement in tbe 
TXbited States, the Erie Canal, constitnting a navigable water-way be 
tween the Hudson Eiver and Lake Erie, through which the vast terri- 
tory tributary to the Northern Lakes was opened to the commerce of 
the world by a channel far more advantageous to American interests 
than that offered by the Saint Lawrence Eiver. 

The completion of this work decided forthwith the question of su- 
premacy amongst Atlantic seaports, and to New York harbor hence- 
forth tbe products of the newly-opened empire of agriculture aud pro- 
dnctioD floated to find their outlets into tbe world's commerce. 

Aroused to unprecedented exertion to counterbalance the advantages 
gained by New York, the commercial and shipping interests concen- 
trateil around Chesapeake Bay united in undertaking a railway to con- 
nect the tide-water of the bay with the Ohio River, necessitating the 
passage of the Allegheny Mountains, which was quite impracticable by 
means of a canal. 

On July 4, 1828, the citizens of Baltimore assembled to break ground 
for the inauguration of this work, the magnitude of which, and its elec- 
trifying influence on the entire country, could not be fully foreseen on 
that memorable day. 

In 1830 the Baltimore and Ohio Eailway, in the earliest stage of its 
growth, extended 23 miles west oftbe city of Baltimore, and was oper- 
ated for tbe first two years by horse-power. 

The invention of the locomotive, following soon afterward, gave the 
impetuswhich brought intoexistencethe giantrailwaysy8tem,towhich 
is due, in great measure, the rapid commercial, social, and political 
development of the North American continent. 
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The new system of trausportatiou, an well as uew iuventious iu tlie 
couBtractiou of the railway track, rolUag-stook, and machiaety were 
rapidly adopted, so that ia a few years the principal Atlautic States 
were iu railroad commiinicatioa with each other. 

The iucrease of railway mileage from 1830 to 1840 was 2,795 miles, 
and the mileage of 1850 was reported as 9,021 miles. 

LAMD-GRANT ROADS. 

Up to this time the railways were constructed and equipped by the 
people, unaided by the Government, State or Federal; but in consider- 
ation of the benefit accming from them to the country at large, and 
desiring to extend these motors of civilization over the yonng and 
sparsely -settled States of the Union, Congress adopted a new policy, of 
momentous importance to the internal improvements of the Union. The 
year 1850, therefore, on acconnt of this precedent established by Con- 
gress, may be regarded as the second epoch in the construction of the 
railways of the United States.* 

Although at first the grants were made to the several States, they 
were in all cases transferred as speedily as possible to railroad com- 
panies which were chartered by them to construct the lines upon the 
general route specified in the act of Congress by which the lands were 
granted. 

The enormous increase of mileage constructed daring the ensuing 
decade speaks eloquently, not merely for- the object aimed at by Con- 
gress in making so magnificent a grant from the public domain, but 
likewise of the indefatigable energy of the American people, 

The mileage of railways in 1860 was 30,635 miles, being an increase 
over 1850 of 21,614 miles. In the decade from 1860 to 1870, embracing 
the turbulent time of the civil war and its consequences, the question 
of railway constrnction assumed of necessity an aspect different from 
that of a time of peace and prosperity. In order to strengthen the in- 
tegrity of the Union, Congress determined upon the construction of a 
system of railways connecting the Atlantic and Pacific States, making, 
however, the grants and concessions necessary for the consummation of 
BO grand aproject, not to the several States but te corporations organized 
directly for this purpose. 

* "la the case of the IllluoiB Central and Mobile and Ohio BoilroikU it granted t» 
States in aid of railroad constrnction, upon speciQed roates, six section* of public 
laads of 640 acres each, for every mile of ruad built, to be taken by the odd nnmbers 
within 6 nilos of the proposed route, proviuiou being made that nnder certain circum- 
stances the grant may be enlarged to apply to odd Beotiona -within 15 mites on either 
side, BO as to nmhe up the fall amonnt intended to be granted. Many of the grants 
were snbseqnently farther enlarged to apply to sections of odd nnmbers nitbin 20 miles 
of the line. Upon the sections of public land of even nnmbers within the limits of 
the grant the price was raised from $1.25 to fS.50 per acre."— (Poor's Manual of th« 
Railroads, 1376.) 
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The conBtrnction of the Pacifto railways and their coDnecting liuks, 
vigoronsly pursued duriag this decade, natarally swelled the increase to 
a great extent; much activity in construction was necessary also to re- 
bnild &m\ to enlarge the systems of the Southern States, greatly dam- 
aged by the chances of the war. 

The mileage iu 1870 was 62,914 miles) an increase over I860 of 
22,279. 

The mUe^e in 1880 was 93,349. 

The mileage at the close of 1886 was 137,615. 

From reports which have been received by the pabliahere of Poor's Maimal of Rail- 
roada in regard to work done or inprOgresH, it is evident that, unleBBBOmeBeriouscoD- 
vnlsioQ should appear to disarrange and defeat plans, not less than 12,000 miles of 
new road will be constructed during the present year, ao that at the close of 1837 we 
shall have 150,000 miles of road or 137,000 miles of railway track. 

The public lands have been granted in aid of seventy-eight railroads, the first graut 
having been made in 1350 to the States of lUinoiH, Alabama, and MiBsiasippi, for the 
purpose of aiding the construction of the Illinois Central and the Mobile and Ohio 
Biver roads, making a continuous line of railway fmm Chicago to Mobile. The 
granting of land directly to railroad companies rather than to States for the benefit 
of railroa^lB, began with the graut to the Union Paciiic Company in ISG'i, 

The grants made to all the roada are estimated by tlie Commissioner of Publio 
Lands to involve 197,203,308 acres, being only 5,000,000 acres less than the entire area 
of the thirteen States which originally eompoaed the Union. Of this vast amount 
of land there had been certified or patented to the aided railroads, up to the 7th of 
March of the present year (IBST), 49,176,)^ acres, and at the close of the last fiscal 
year (1886) selections of land by the companies amounting to 16,571,300 acres in ad. 
ditiOD were awaiting examination and the decision of the proper officers of the Gov> 
emment. Of the land-grant roads there were completed on the 30th of June, 1836, as 
appears oti the books of the General Land Office, 17,724 miles, distributed in the 
States and Territories as follows : 



StsMa. 


Uil«e. 


8t«t*. -■• 


Miles. 


Sut«g. 


Miles. 




901.43 
602.2* 
38S.W 
1. 037.91 
MI8.M 
410.98 




Ml. 85 
1,547.«4 
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In many cases the roads aided have received new names since the grants were made 
to them or they have lost their names by being merged in other roads, so that their 
original names do not appear in onr ordinary lists of roads. In some cases projected 
roads to which lands were granted have been abandoned, and consequently the grants 
have lapsed. In other cases claims to large amounts of land have been rendered in- 
valid because of the failnre to complete the roads within the time stipulated in the 
grants, and the question of the forfeiture of this land is now awaiting decision. — 
N. H. B. 
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With tlie railway map of to-day before ub, a brief cousideratiou may 
properly be given to tlie pliysical characteristics of the eouDtry in refer- 
euce to the (itstrtbation of the forests, ttom which the most iodispeiis- 
able iiiaterialof coustractiouhas tobodrawii. The vast area of country 
lyiug east of the Rocky Mountains preseots the two opposite extremes 
of forest and treeless plaiu. 

The States bordering on the Atlantic coast from north to south, to- 
gether with the iuterior and Middle States, are forest territory, id which 
^ttleoient and civilization could gain a foothold only by the use of the 
ax. The forest extended from the Northern Lakes to the Gulf of Mexico, 
but midway lu the Mississippi Valley was met by the treeless prairie. 
The change, however, waa not abrupt, but gradual, both forest and 
Xirairie dovetailing deeply into each other. The middle grouud, extend- 
ing from Minnesota to Texas, is a territory peculiarly favored by the 
hand of nature, possessing the fertility and ease of culture of a prairie, 
together with an abundance of timber and protection from the iuclem- 
eucies of the climate of the plains of the West, on which trees flourish 
only along the water-courses. 

On the Pacific slope the greatest forest area ia again found in the 
North, extending in many ramifications through the mountain ranges. 
The area of treeless territory, however, is equally large, especially in 
the southern half of this section. 

At the time when the railways were undertaken, it is evident that an 
abuudauceof material for construction existed throughout the timbered 
district, and that no real value was plaeed on the material, which, 
though indispensable, was everywhere encumbering the ground. In 
the construction of roads over widely-extended treeless plains, the sup- 
ply had of necessity to be brought from great distances at a correspond- 
ing cost. 

Considering the stupendous amounts of timber already withdrawn 
from native forests, the annual demands of radways now in operation, 
and the increase of mileage from year to year, it becomes necessary to 
take a more accurate survey of the fields of demand and supply, un- 
biased by the popular delusion of the inexhaustible forest wealth of 
America. This necessity is no longer either to be ignored or lightly 
treated as in the past. 

DEMANDS OP THE RAILWAY SYSTEM. 

For construction. — Assuming 187,500 miles of track • ia the United 
States, and taking 2,640 ties for each mile, the number of ties in use 
would be 495,000,000, each tie containing an average of 3 cubic feet; 

'Id coDHideriDg the relation of the railways to tbe forests, it is important to bear 
in mind the distiDotion between tba length of road and the length of track. These 
ofteD differ greatly troia eaah other. For example, the length of the New York 
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the amonnt of timber imbedded under the entire mileage and undergo. 
ittg a constant process of decay is, therefore, 1,485,000,000 cubic feet. 

Bridge- and treatle-work, timber and poles for piling, cannot be esti- 
mated with the same accuracy, as roads vary iDdeflnitely in toiwg- 
raphy and material of bridgeconatructionin use, whether wooden or iron, 
piling or stone masonry. Ab a rule, wooden structures are employed ia 
the first stage of construction of new roads, to be replaced as soon as 
practicable by more permanent material. The roads of the older States 
are, therefore, more substantially built than a majority of southern 
and western roads, in which a far greater percentage of timber is em- 
ployed in construction than ou the great trunk lines of the Eastern and 
Middle States. On many southern roads, running through low and 
swampy districts, piling is used to a great extent, but accurate figures 
cannot be given as to the timber used for this purpose. An average of 
2,000 cubic feet per mile is considered approximately correct by engi- 
neers consulted ou this subject.* Therefore, 187,500 miles of track con- 
tain 375,000,000 cubic feet of bridge and trestle timber. 

As with the preceding items of bridge and trestle construction, it is 
alike impossible to make a correct estimate as to the quantity of tim- 
ber used per mile for station-houses, buildings for all purposes, and 
platforms, all requiring large amouuts of timber. The amouut of timber 
used in track construction proper is, therefore, — 

Cubic feat 

Ties for 187,500 miles 1,485,000,000 

Bridge and trestle timber 375,000,000 

Total 1,860,000,000 

It can be safely assumed that forevery cubic foot ready for use, Ig cubic 
feetof round timber Is required, f Therefore the amonntof round timber 

Central and Hudson Rivet Railroad is 443 piiles; but it has foar tra«ka fmm Albany 
toBuffiilo, bcBidea 551 miles of sidingB, making ia all 2,043 miles of track to be fur- 
nished with ties, bridge timber, etc. So the length of the PeDDuylTaDJa road from 
Jersey City to Pittsburgh is 445 miles; but the road having a double track through- 
out and 449 miles of siding, the whole length of the track to be supplied with ties, 
&.e., ia 1,339 miles. A careful comparison of the length of roads and the length of 
their tracks, so far as the latter are reported, warrants the conclusion that 25 per 
cent, shonid be added to the reported length of our railroads as a whole in order to 
represent fat t1 J the additional demand for rails, ties, etc., made bjdonble tracks and 
sidings, or turn-outs. — N. H. E. 

* The Chicago, Saint Paul, Minneapolis and Omaha Company report their timber- 
work for piliug, trestles, bridges, and culverts ou 1,600 miles of road as being 1 
foot tb every cubic yard of earth- work. Earth-work on 1,600 miles amounts to 15,000 
cnbio yards per mile. Two per cent, of its entire length is in bridges of all kinds. 
The average duration of wooden onlverts and pile and trestle bridges was eight to 
ten years; of truss-bridges, nine to eleven years. 

tThat the allowance here made for the waste of the forests in preparing ties or other 
timber for market is fully warranted, and the waste often much larger, may be seen 
from tbe following extract from a trustworthy lumber journal: 

"There is no branch of the lumber industries where there is more waste of raw 
material than in making ties. Each tie is split from clear wood, and It takes about 
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neceasary to yield tlie above prodnct may be estimated at 3,100,000,000 
cubic feet. 

Telegraph Foles.-^Bacb mile of railway lequiring thirty telegraph 
poles, the total number of poles in use od 137,615 miles of railway at 
the close of 1886 was 4,128,450, and, making due allowance for double 
rows along many sections of road, can be safety estimated at 5,000,000, 
with an average content of 10 cubic feet each, amounting to 60,000,000 
cnbio feet of pole timber. 

In consideration of the steady increase of mileage during the last 
decade, it is is. safe to anticipate a yearly addition of 5,000 miles of 
track, creating annually au additional demand for 13,200,000 ties, and 
10,000,000 cubic feet of bridge and trestle timber, together with corre- 
sponding amounts of construction timber and telegraph poles. 

To this may appropriately be added a very large amount, incapable 
of exact estimate, used in feacing the roads, together with timber inci- 
dentally employed for track construction. 

The above figures, though they may be in certain points more or less 
exact, give, nevertheless, an approximate idea of the amount of timber 
cut for the oonstraction of the American railway system ; an amount 
obtainable only on a continent supplied more lavishly with forest wealth 
than any other portion of the globe. 

Maintenance. — While no general mle can be laid down as to the last- 
ing quality of timber Imbedded under the track and used in bridges 
and trestle-work, subject, as it is, to the endless variety of condi- 
tions of soil and climate in different sections of the country, never- 
theless it may be safely assumed that seven years is the limit of the 
average usefulness of ties of the best kinds of hard-wood and four yeara 
for those of the soft-woods. 

Bridge and trestle timber and telegraph poles may be assumed to 
last ten years. 

Therefore, the seventh part of 495,000,000 ties, in round numbers 
equal to 70,714,286, is required each year for the maintenance of a safe 
35 feet of clear lumber to make a merchantable tie. Bed wood will average aboat 50 
per centnm of clear and eaitable wood for ties. When to this is added the percent- 
age of 'culls' that are arbitrarily rejected b; the iDBpeotors on behalf of the rail- 
roadfl ab the owner's expenae, it will be found that each tie represents abont 75 fleet 
of good merchantable lumber in the standing timber destroyed for it. Placing the 
market price of the Redwood lumber at 125 per 1,000 feet, each tie represents Sl.e?i 
worth of lomber. In the light of these figures, iC conclusively appears that tliepres. 
ent ruling rate of Redwood railroad ties (35 oents) is grossly inadequate. The rem- 
edy lies with the owners of the landa from which the ties are cut. If they wiQ com- 
bine, and agree that they will no longer sacrifice their tituber and their work as they 
have been doing, but will insist on being paid at least as much approximately as the 
Inmber represented by the ties is worth, they can control the situation. It wonld be 
far better for then to sell theii lands at a small pro&t, and get into some more profit- 
able occapation, than to go on for years, and at the end find themselves without 
either timber or money to oompensate them for their wasted endearora. The rail- 
roads mnst have the ties, and land-ownera are foolish if they do not compel the pay- 
ment of a fair price for them." — B. E. F, 
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track, together with one-tentb of the timber used iu bridges, trestleti, 
and pilings, ami of telegraph poles iu use nlong railitHtds, giving the 
IbllowiDg flgores : 

Cubic feet. 

70,714,286 ties (at 3 cubic ftot cacti), oiiual 212, 142,8."iH 

Itriilge and trestle timber 37,500,1X10 

Tolegrapb polee, 500,000 5,000,000 

Total (lomaQil for uiftinteuaiico 354,642,858 

To this mast bo added the amount of inaterial required for the con- 
struction of new roads, assumed above at 5,000 miles ilnnually, being: 

4:Dbio Sfvt. 

ia,900,000 ties 39,000,000 

Bridge and trestle timber 10,000,000 

150,000 tclegrftph poles 1,500,000 

Total 51,100,000 

DemaDdsfoT niaiutaiiauiw 254,642,858 

Demands for now oODstructloii 51,100,000 



Total 305,712,958 

which may safely be considered as e()ual to 500,521,430 cubic feet of 
ix)nD(l timber. 

This amount of timber, required for the specific iiuri>opee mentioned 
above, is cut principally in those sections of the wooded area of the 
United States where the kinds of frees demanded are most abundant, 
and where facilities for transportation encourage their felling. Heavily 
wootled districts, remote from-existing lines of commnuicatioD, have 
thus far escaped the attack of the relentless woodman's ax, and form 
a reserve for fatnro years, when new railway lines will extend into the 
dark sha<Ies of these forests to carry off the timber wealth still re- 
maining in many sections of the land. In many of the older and more 
jmpnloas States of the Union the forests are alrea^ly thin and meager, 
and many tracts reported as forest lands are simply wastes of brush 
iind flrc-wood. 

Amidst the endless diversity in the location of forests and the preva- 
lence of various kinds of timber, lb is impossible to estimate with ac- 
curacy the area necessary for the pro<laGtion from year to year of the 
great amount of timber required by the railways. Estimates, to, be 
worth more than guesses, must be based on established data, which 
unfortunately are but few in the forestry practice of the United States. 

The nnmber of ties obtainable from an acre of forest land is very ■ 
variable. The same is true of the yield of timber on pine and cypress 
lands, from which are mainly derived the timbers of large dimensions 
for bridge construction. Trees suitable for telegraph poles are indigen- 
ous only in certain few regions, but tbo nnmber of poles cut on many 
an acre is quite often very large. 

Assaming an average yield of 300 ties per acre, 70,714,280 ties, the 
jinmber demanded annually for ii);ni)'eiiailco gt the pres^ut mileage of 
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track, would require a forest area of 235,714 acres, aud 5,000 miles of 
new road annually bailt would require an area of 44,000 acres to be 
cut over for railroad conetractiou, iu all amounting to 2,707,140 acres 
in one decade alone. Altbough 300 ties per acre may be considered 
too bigb an average for a large portion of the forests of the United 
States, which have been culled for the best tie-timber for many years 
past, yet it can be readily seen that with a smaller average per acre, a 
mnch greater area will necessarily be cut ovot each year. If the fre- 
quent estimate of 100 ties per acre be taken, the area drawn upon an- 
uaally will be 839,142 acres, aud the necessary reserve for ten years 
will be 8,391,420 acres. 

On the other hand, assuming an average yield per acre of 3,000 cubic 
feet of " dimension " timber and lumber, together with 500 telegraph 
poles per acre, the area needed for yearly maintenance will Ije, for, — 

"Dimencrion" timber aodlamber 12,500 

Telegrapb poles 1,000 

13, SOD 
And adding area neceseiiry for ties 335,714 

WehsTeatotal of , 249, S14 

to serve the maintenance of our railways. 
The area needed for annual new construction would appear to be : 

TiOH 44,000 

" IMmension " timber and lumber ^ 3,333 

Telegrapb poles 300 

47,663 

RECAPITULATION. ■ 

AnDual maiiiteiuuice of 1^7,500 miles of track, wilb 137,615 miles of telegraph 

lioes, requires 249,314 

Anunal new coDBtracttoo of 5,000 miles 47,633 

Total 296,847 

Quality of timber required. — The speed and weight of railway trafBo 
demand unconditionally the selection of the best timber. The neces- 
sity of imbedding the cross-ties in earth" ballast, by which a constant 
process of decomposition of the woody fiber is induced, requires the 

■ This appears rather as a haad-to-mouth calculatioo, which does not take into 
consideration tlie cODtiouoas existence of the railroaJs and of their reqairements nf 
wood aopplies. Calculating upon present conditions, which reqaire the production 
of wood at the rate of more than 500,000,000 cubic feet of ronnd timber annually. It 
wonld be necessary to arrive at some idea of what forest area could produce such an 
uinoant eontinaallj as its accretion. A yearly average production of 50 cnbic feet 
jier acre for large areas, with a long period of time and tolerably well-stocltod forest, 
can be assumed as a reasonable result. From this it would appear, that to supply 
continuously the present demand of n-ood for railway construction would necessitate 
a reserve of not lees than 100,000,000 acres of wcli-atocked thrifty forpst.^B. E. F. 
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most last iug timber. Kailwayconipauiesase, therefore, tbo best timber 
obtainable within a reasonable distance from tlieir lines. 

Id coDsequeuce certain pre-emiDently valuable kinds are required in 
the greatest quantities, and adding to tbis the general preference given 
to young and thrifty timber, possessing the greatest tongbness and elas- 
ticity, it can be readily seen that the time may not be far distant when 
the wonted supply of those kinds will become exhausted. Many mill- 
ions of young trees of the White Oak tribe are cut annnally, each of 
which make but one tie. When one locality is exhausted, this scene of 
slanghter of the most valuable young timber is simply shifted to an- 
other. The careful selection of the best material makes the waste 
throughout necessanly large. 

Telegraph poles, required to bo straight, smooth, and lasting, are 
made of Chestnut and Red and White Cedar timb», which abounds 
principally in the Northeastern and Atlantic States. Tennessee, Ar- 
kansas, and Texas likewise, furnish large quantities of this material. , 
Preference is given, however, to Cedar poles grown oa the barren up- 
lands rather than to those grown on the sandy lowlands of the South- 
ern States. 

" Dimension " timber for bridge coustrnction, lumber for stations, 
and material for car-building naturally belong to the lumber trade and 
command the ruling prices obtaining in that industry. It is notewortliy 
in this connection that, while prices are on the ascendency in the latter, 
the value of ties is comparatively stationary, lower even to-day in cer- 
tain sections than ten or fifteen.years ago. 

Adequacy of supply. — Bailways built through timbered districts en- 
counter little difficulty in procuring the needed supply of constructiou 
timber, iu the selection of which they have had au almost unlimited 
choice. The abundance and cheapness of wood has exercised a great 
Influence in the shaping of the modes of construction in vogue iu a 
country iu which for several generations past the inhabitants have 
been busily engaged in clearing the land of the timber. Are we to 
wonder at the accounts of proverbial waste in the earlier days of the 
country, a popular policy simply unavoidable under circumstances con- 
trolling those pioneer periods 1 But would it be wise to cling to the 
traditions of the past, refusing to judge impartially the necessities of 
the future, in which the demands for forest products will ever be on 
the increase 1 

The agencies employed in supplying the enormous quantities of ties 
required by the railway system determine, to a great extent, the amount 
and price of material oQ^ered in the market- In many parts of the 
country the cutting and hauling of ties to railway stations is performed 
mostly by the farmers, to whom this labor is a source of ready cash and 
employment of spare time. Owing to this mode of supply an abun- 
dance of material is steadily offered, giving railways full control in the 
selection of the best quality and iu the price paid, while by a regula- 
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tioD of llic rates of freight tliey can provotit an uudiie cxjmrt to tlie 
treeless sectioiiB of the country, or check materially the lamhcr indus- 
try of certain localities. In this way prices are kept down and a show 
of seeming abnndanco is maintained which does not in the least prove 
the supply to be adequate, but merely shows that the great number of 
Iteople engaged in this industry arc willing to haul ties to the railways 
over distances steadily increasing as the Umber nearest the lines is cut 
off. Immense quantities of tie-timber arc thus cut dowu and delivered 
to the railways at prices below its real value. At the time the leading 
lines west of the Missouri Eiver wore constructed, extensive tracts of 
White Oak timber were laid waste in the Western States. And the 
same process is going on throughout the White Cedar regions of the 
North, from which immense quantities of ties are thrown on the lumber 
market. These channels of supply, based solely on considerations of 
monetary profit, will continue to bring to market the forest wealth of 
many sections of the laud, but in many instances, and at a time not far 
distant, nature's bountiful supply will be exhausted, and the reckless 
system of forest clearing will of necessity be a thing of the past. Many 
parts of the country, once well supplied with valuable timber, have 
passed through the process of " improvement," but today feel quite 
keenly the loss sustained in former years. 

Aside fi-om railway supply, a notable diminution of forest wealth is 
beginning to be felt by many industries depending for raw material ou 
certain valuable kinds of timber. Approaching scarcity is iilainly in- 
dicated by' steadily advaacing prices, and by the difficulty already ex- 
iwrienced in the manufacturing centers of obtaining the desired tnate- 
rials. Railway managers acknowledge quite candidly that the present 
condition of the supply cannot last for an indefinite period, as many 
leading centers of production are now practically exhausted, necessi- 
tating transportation over far greater distances than heretofore. 

The discussion of substitutes for wood in railroad construction thus 
becomes a subject of great interest to the railway world, as it can bo 
predicted with certainty that necessity will soon force the roads travers- 
ing the treeless plains to seek a substitute for the wooden tie. The 
modern steel tie, which thus far has given great satisfaction on Euro- 
pean railways, will undoubtedly find extensive adoption in the railway 
system of America. There are, however, two expedieuts, already 
widely discussed aud experimenteil with in this country, by which this 
pressure upon the most valuable forest products may be sensibly re- 
lieved. The one relates principally to railway intorestsj the other ap- 
l>eals to the intelligence and enterprise of the people at large. They 
are, first, the adoption of means of preservation by which many kinds, 
of timber heretofore rejected in railway construction, and then^fore 
still in great abundance ia many sections, may be made valuable ; 
second, the planting aud cultivating of the most valuable timber trees 
on a scale commensurate with future demands, In support of tbis pro- 
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poaal to sabstitato vivrtons timbers Iiithcrto but Kpariugly used ia 
track coostrnctioQ, reference may be made to tlie expcriciico of Euto- 
peau railways with buccli, whicb, together with closeness of fiber to 
hold spikes, combines the requisite hardness to withstand the concus- 
sion of heavy traffic, but lacks durability when in contact with the 
ground subject to excessive changes in dryness and moisture. When 
properly treated with an antiseptic the tie, whicb iu its natural state 
lasts but five or six years, is made to laat from teu to twelve. 

The same treatment is applic<l to various inferior kindsof pine, trans- 
forming them into valuable material, while in their natural condition 
they are almost useless for railroad constraction. In coDsequenco of 
the rapid increase of railroads in European countries, and their compara- 
tively small timber resources, these precautionary measures of ecou. 
omy have there beeu forcibly demanded, and they have also attracted 
the attention of American railway companies, some of which have ex- 
perimented quite extensively wiih the leading processes of timber pres- 
ervation in vogue in KuroiH!. 

The great abundance and clieapucss of timber iu this country hitherto 
has made the economy of any exj^nsive preserving process quite doubt- 
ful, while the dishonesty with wliieh contracts for preservation have 
been fulfilled, in many instances resulting in the protection of only an 
outer shell surrounding the si>ecdily decaying heart, has proved a great 
impediment to real progress. 

The question, however, is only postponed to a time, not far distant, 
when the price of first-class tie-timber will show a marked increase. It 
is obvious that the lines iti timbered sections, within cheap and easy 
reach of all the road material needed by them, have no immediate 
interest in the question of the preservation of the very [iroduct in the 
carrying traffic of which they are principally engaged, and no induce- 
ment could lead them to engage in enterprises for which there is neither 
real nor immediate necessity. The case, however, is entirely dift'erent 
with lines iu sparsely wooded districts from which the most available 
timber has already disappeared, and where forebodings of coming defi- 
ciency of home supply ai* already sensibly felt; yet it concerns more 
especially the lines on the open plains which depend exclusively on 
remote forest districts for their supply of timlwr. On the proverbially 
fertile soils of these broad prairies soft-wood timbers can be encourage«l 
to grow with great — quite often with wonderful — rapidity, thus securing 
an abundant supply for track construction and for many mechanical 
purposes, provided the texture of the wood can be sufficiently strength- 
ened, and made more durable by a process of preservation, the expense 
of which does not prohibit its general adoption. 

Correspondence recently bad on the subject with managers and 
enginefsrs of leading western roads, a rtJsum^ of which will be found 
in the appended summary of correspondence, estivblishes the fact that 
the attention of various lines is Iniiiig prominently directed to this im- 
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portant Bubject, and also that the Union Pacific Railway is erecting 
preserving works at Omaha, Xebr., for the special purpose of treating 
the Boft- woods for ties aod piling, while the Atchison, To^jeka and Santa 
F6 Road has established extensive works at Las Vegas, JT. Mex., oper- 
ated under the Wellhonso tannin process. • 

The necessity/ of timber culture. — The satisfactory resnlts of foreat-tree 
cultnre attained by the early settlers of the bleak prairies of the West 
and Northwest have demonstrated beyond a doubt that timber trees, 
so indispensable to the homestead on the treeless plain, as material for 
construction, for fencing, and for fuel, can be raised by each farmer 
willing to devote to them, for the few years of their earliest growth, the 
same care and culture that he is accustomed to give to a crop of corn. 
Tree culture has become a legitimate branch of agrienlture, and is 
practiced by every intelligent farmer from the shores of the Arkansas 
River to the northmost prairie of Dakota. Well may it be said that 
in this instance necessity has been the mother of invention, but it has 
likewise been the faithful teacher of arboriculture- 
Belts and groves planted a few decades ago have already furnished 
abundant material for house construction and for tlie most pressing 
economic wants, lending to the prairie fiirm a manifest protection from 
the hardshiira of an open treeless country. 

With these gratifying evidences of success before the public, the 
qaestion suggests itself, why should not railway timber be raised as 
well as wood material needed by the farmer t 

This question lias already been extensively agitated, and a few in- 
stances can be pointed out where planting has been aetnally begun. 
In the majority of cases, however, decisive aettou has been deferred to 
a more convenient time, which amidst the constant pressure of the 
operating service of the railways has not yet come. The indiflerence 
of many railroad managers to plans for the preservnt'ion of the needed 
timber supply is easily accounted for when the present abundance of 
material is taken into consideration on the one hand, and on the 
other, that the length of time required to grow timber to a size 
suitable for traek construction prevents the existing administrations 
from inaugurating enterprises in timber culture the full fruition of which 
is not likely to come during their time of holding the reins of manage- 
ment. The uncertainty of eventual success, owing to the ever-present 
danger of destructive flres, depredations and unlawful acts of the com- 
munity, necessitating an extra service for guarding the forests, is like- 
wise a grave objection to a policy apparently within easy reach and 
control of the great railway corporations, which, as a rule, own large 
tracts of land capable of producing great quantities of timber. 

It is much to be regretted that at the time of the passage of the land- 
grant aets the necessity of an American system of forestry was but lit- 
tle foreseen, as a clause might justly have been inserted in the act, 

* The Bnbject of wood prosorvation is treated .it greater length in Appendia 2 
(p. 6C), to which refereDce may bo lioil for furt.lior information. 
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restricting railways that accepted the valuable grants of the puhtic 
domain from wasting the forest lands received from tLe Government, 
and binding them to a perpetual maintenance of a certain forest area 
to supply their future wants, either reserved from the primitive forest 
or established by a system of planting and forest culture. 

Could the voice of immortal Evelyn, who two centuries ago aroused 
tlie people of old England to a full realization of the value of their for- 
ests, have been heard in the American Congress of 1S50, or had the 
wojiderful resnlta of his early teachings, visible in all European coun- 
tries, been heeded at the time, the land grant acts of Congress would 
have proved a greater blessing to America than they have been. 

To sum up briefly the resnlta of the agitation in favor of timber cult- 
ure by railway companies, it can be stated that, while ihc imperative 
necessity of such a movement is freely acknowledged by those best in- 
formed in regard to the demands of the present and the outlook of the 
future, little disposition on the part of the railway companies to 
enter practically into such an enterprise has so far manifested itself. 
And it is equally clear that so long as a new departure in forest culture 
is asked or expected from the heads of the operating service, to whom 
appeals have in greater part been made, no euterprise on a scale even 
distantly proportioned to the magnitude of the issue can reasonably be 
expected, and this mainly from the fact that the service must be man- 
aged in accordance with conditions existing for the time being and as 
they will appear on the yearly balance-sheet of every corporation. 
Present expediency and restriction of expenditures outweighs, there- 
fore, all possible advantages of the certain future. 

The managers of various leading raUways, especially those of the 
Western Plains, formerly called the "Gre^t American Desert," have 
accorded liberal encouragement to tree culture and homo forestry, by 
establishing experimental stations and nurseries in various sections of 
their lines, designed to show the possibility of tree culture, to attract 
settlement, and in consequence to promote the sale of lands granted to 
them by the Government. As soon as those objects were successfully 
accomplished the companies withdrew from this inviting field of arbori- 
culture, leaving it to the energy of the settler. It is gratifying that one 
instance denoting broader views of the necessity of forest culture can 
be reported — that of the extensive plantation established in Crawford 
County, Kansas, by Mr. H. H, Hunuewell, of Massachusetts, president 
of the Kansas City, Fort Scott and Gnlf Railway. This far-seeing rail- 
road manager and liberal friend of horticulture has caused two sections 
of prairie land to be planted, in greater part with the hardy Western 
Caialpa, one section belonging to the above-named corporation, the 
other his private property. The success attending this timely enter- 
prise, conducted by one of the honored pioneers of American forest 
culture, Robert Douglas, of Illinois, has so far exceeded the most san- 
guine expectations that it must be regarded as a landmark in the future 
development of this great interest- 
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The trees were cultivated for four stieeessivo years, nutil tliey bad 
attained sufliciciit size to fully sbade tlte ground and suppress tlie 
growtb of weeds. TLe closeness of tlieir stand is forciug a straight 
and upward growth with but few lateral branches, which in time will be 
removed by a natural process. 

This brief statement indicates the faudamcntal requisites of success 
in timber culture. Proper preparation of the soil, intelligent cultiva- 
tion of the growing trees until large enough to take care of themselves, 
and close planting to secure height-gro\¥th and straightness of stem, 
the plan pursued by nature herself in rearing mighty forests. To this 
is to be added the necessity of selecting the most valuable hinds for 
the object in view. 

Considering the history of the plantation in its relation to the corpo- 
ration to which it owes its existence, it will be s<!en that three condi- 
tions favored its rise and development, which, under circumstances lack- 
ing these favorable influences, would never have taken place, or like 
former attempts, would have resnitcd in failure. " To illustrate: a man ■' 
largely interested in railway property, aud conversant with the abori- 
cultural topics freely agitated in the United States, issues the order for 
a plantation. At flrst his subordinates attempt to execute this order, 
bat soon become disgusted with a work so utterly foreign totheoperat- 
iug service of a railroad. Thus the project is in danger of being 
dropped. But an ardent pioneer of forest culture steps forward to save 
so far-reaching an enterprise, hoped for these many years, shoulders 
the financial, risk involved, and performs the work under a great saci-i- 
tice of his personal comfort, assisted, however, by the hearty coopera- 
tion of the executive officers of the road. 

The conditions indispensable to every similar enterprise are, that the 
order come from tbc financial headquarters; that there be unerring, 
Sound judgment in the execution of the work, and good will and co- 
operation on the part of the executive oflBcers of the respective roads, 
without which, tbongh well planned and conducted, the work may be 
greatly impeded by delays, and even practically fail. 

In the report of the Department of Agriculture for 18Sj there will 
be found an account of this forest tract, together with one of the growth 
of the trees planted in three successive years, and of the financial aspect 
of the enterprise, given by the manager of the plantation, and by tbc 
general manager of the Kansas City, Fort Scott and Gulf Railroad; by 
which it is plainly demonstrated that railway corporations can contract 
with reliable i>arties for the planting, cultivation, and care of extensive 
forest tracts at very moderate prices, thus relieving the exeoutivc offi- 
cers from all cares and responsibilities incident to arboricultural enter- 
prises, in the successful management of which, as a rule, they have no 
experience, aud consequently no desire to enter into tbeni. 

Time only can develop the full result of this pioneer enterprise. 
Whatever success may attend it in after years, these staK-ly blocks of 
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young anil tbrifty trees, sprung up as if by magic on a treeless prairie, 
and tlie lesson in arboricultnre imparted by Ibeir future de^'clopment 
will be of UDdeniablo value to the country at large, uemonstrating not 
merely the possibility of successfnl timber growth ou open, stormy 
plains, but also tbo advantages gained by stocking Idle and otherwise 
unproductive lands with valuable seedling trees which will develop into 
majestic forests. 

The time cannot be far distant when the attention of capitalists in- 
vesting so lavishly in railway properties will be directed towards a 
closer investigation of this financial question, and when once convinced 
of the feasibility of timber culture from a financial i)oint of view, the 
step towards action will not appear so problematic as it must neces- 
sarilj' bo before the hard crust of doubt and the uncertainty of eventual 
success is broken by actual experience, gained by the liberal invest- 
ments of the comparatively few far-seeing and philanthropic pioneers 
of American forest culture. ' 

Railway corporations are deeply interested in the perpetuity of suit- 
able material for the maintenance of their thousands of miles of track. 
The leading managers of the railways of the sparsely-timbered sections 
cannot fail to see the advantages to aecruo in future years from a gen- 
eral interest in favor of timber culture aroused amongst the owners and 
tillers of the soil; a forward movement which cao be most eflectually 
promoted by making the people of every section along the various lines 
familiarly acquainted with the value and ease of culture of certain kinds 
of timber, in which not only the railways, but the people at large, are 
most prominently interested. 

No more effectual mode of arousing this iuterest can be suggested 
than that of railway corporations planting in varioas suitable localities 
along their lines specimen groves or blocks of snch kinds of timber trees 
as arc worthy of the greatest i>ossible dissemination amongst the agri- 
cultural people. Let this timely enterprise, entailing but compara- 
tively small ootlay, and within the reach of nearly every coriwration, 
be conducted in accordance with the best arboricultural knowledge 
and experience of the day, and above all let the young plantations be 
properly cultivated until able to take care of themselves, and be pro- 
tected as far as possible from destructive fires, and success can be 
looked for with certainty. Let it be rememberetl, too, in this connec- 
tion, that a few successful, well-paying orchards, planted lu early days, 
have done more service, in the rise and spreiul of American fruit cult- 
ure than all the combined efforts of authors and orators on horticult- 
unil topics. 
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SUMMAEY OF CORRESPONDENCE WITH RAILROAD OFFICERS. 



During Ibo year 1886 a cimolar was directed to railroad companies, chiefly those 
located JD tlie westeiD part of tlie conntry, for tbo pnrpoae of obtaiDing informatiou 
in regard to the cousuraption of timber for Ibe constrnctioii of their roode, tbe ex- 
tent to 'wbicb Ihey were engaged in the cnltivation of timber for railroad bailding) 
or in the planting of trees for wind-breaks and as a protection &om snow-drifts ; 
and, in general, as to the prospect of an adequate snpply of timber for railroad pnr- 
poses in the fatnre. 

Replies to the circular were received l^m the following companies, tbtrty-five in 
all, y'lz: Atlantic and Pacific (New Mexico); Bnrlington, Cedar Eapids andNorthern; 
Chicago, Bnrlingt on and Qoincy ; Chicago and Alton; Chicago and Eastern Illinois; 
Chicago and Northwestern; Chicago, Saint Paul, Minneapolis and Omaha; Central 
Iowa; Cincinnati, Indianapolis, Saint Lonis acd Chicago; Cincinnati, Wabash and 
Michigan; Denver and Bio Grande; Detroit, Lansing and Northern; Hannibal and 
Saint Joseph ; Illinois Central; International and Great Northern; Kansas City, Fort 
Scott andGnlf; Little Bock, MiesIasippiKiTcr and Texas; Lonisville and Nashville; 
Lonisville, New Orleans and Texas ; Louisville, New Albany and Chicago ; Michigan 
Central; Missouri Pacific; Mobile and Ohio; Nashville; Chattanooga and Saint 
Lonis; Now York, Pennsylvania and Obio; Northern Pacific; Pennsylvania Rail- 
road; Peneacola and Atlantic; Pittsbnrg, Cincinnati and Saint Louis; Si^nt Lonis, 
Alton and Terre Haute; Saint Lonis and San Francisco; Southern Pacilic; Terre 
Hante and Indianapolis; Union Pacific ; Wabash, Saint Lonis and Pacific. 

These roads have 45,787 miles of track in operation. In their construction 1(>,668,423 
ties have lieen nsed, at an average cost of 35.G cents' each. 

The average number of new ties required annually for each mile, to replace decayed 
ones, is 365 ; the average duration of ties is 7.2 years. 

To the qnestiou, ' ' Has your road made any efforts or experiments in timber culture T " 
ten of the companies reply affirmatively. 

The Illinois Central Company report that tbey planted some Larches in 1872, that 
they gave tbem very little attention, and tbe greater portion of them died. 
. Tbe Kansas City, Fort Scott and Gnlf Eailroad Company are distinguishod above 
all other railroad companies of tbe country for tbe extent and systematic manner in 
which they have engaged in tree-planting. A full account of their plantation is 
given elsewhere in reports from this division. 

The Northern Pacific Railroad Company report that experiments have been made 
with Box-Elder, Cottonwood, Ash, and Willow, but do not give the result. 

The Bnrlington and Miesonri Biver Railroad Company have planted some timber 
trees, chiefly for protection from snow-drifts in cuts. The trees planted were Honey 
Locust, Cottonwood, Bo:s-Elder, Maple, Ash, Willow, and some evergreens. Wher- 
ever the trees were properly cared for they have grown well. In some places tbey 
have been injured by fire. 

The Atchison, Topeka and Santa F6 Company report as follows ; 

"About tbe time of tlio construction of onr line, in 1870-'73, in the State of Kansas, 
four or five experimental nurseries or plots of ground, planted with young trees, were 
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Htarleil at different points along onr line, from SCO to 300 miles weet of the MiSBOnri 
River. All tbe hardy trees common to Eastern Kansas and Western Missonri were 
grown from tbe seeds, and for five or sis years were carernlly caltivated. After that 
time they were left to care for Ihemselres. They matle good grontli and seemed per- 
fectly at home In wliat was then a treeless coantry. Since tbtit time settlershaTe 
rally occapied the gronud, and many of them have grown irces in great nnmbers. 
Onr aim, principally, was to show the new settlers what trees were snilable to plant 
in this section of conntry." 

The Hisaonri Pacific Company report : 

"In Mississippi Connty, Missonri, 2fi0,000 Catalpa plants are in cultivation by the 
railway company, and the experiment promises satisfactory results; but sufficient 
time has not elapsed since planting to speali with certainty." 

The Sonthem Facifio Railroad. Company make the fullest report of any. Tbey say : 
" In the year 1S77 it was determined by the directors to try the osperiment of tree- 
culture ihrongb the various sections of country traversed by the lino of railroad con- 
trolled by the company, with the foUowin^i objects in view : 

"(1) To demonstrate the capability and value of the land. 

''(2) To test the valne of certain woods for railroad purpotics, and the practicability 
of their economic cnltivation. 

" (3) To remove the sterile and forbidding apjioarancc of the stations and section 
honscB in the treeless plains and valleys, by surrounding thcni with fruit and shade 

'' It was determined to carry this work on nnder tho Superintendent of track, and 
it was specially put in my charge, with iustrnctious to make the current expenses as 
small as possible. 

"My Brat effort was directed towards tho culture of tho rapidly growing varieties 
of the Eucalyptus on the margin of the right of way, where it was available, with a 
view to utilize tho growth and tc test the economic value of the wood. 

" For this pnrpose some thousands of trce-plaota were purchased in the nurseries of 
Oakland and Hay ward and planted along Ihe right of way of the lines ruuning through 
Alameda County, California. Tho total number planted in this way was about 44,- 
000, mostly Ew^lyptue globalue, but including also a good number of £. aMygdaliita 
and E, rostrala. To anticipate this experiment as a teat of the wood, at>out a thou- 
sand telegraph poles were procured, of the young growth of the EvcalgplKs gloialm or 
Bine Gum, and also 226 fair-sized railroad tics. Tho telegraph poles were placed in 
the line along tho gan Pablo and Tulare Railroad. The railroad ties were placed in 
the track near Rose Creek, Nevada, on the Trnckee division. Central PaDiflc Rail- 
road. This point was selected because it was found that there the destruction of ties 
by w>t was extremely rapid. Mr. Vandenbnrg's report of the test of the Encalyplne 
for telegraph poles showed that while they were strong and tough, and boro up tho 
wire well under all circumstances, yet they did not last well, as they were inclined 
to rot in thegioand, and just at thoaurfaceof the ground were attacked by the larvai 
of some large beetle. The Eucalyptus ties placed in the snndy soil uf Rose Creek 
very cinickly showed a tendency to check or crack in on extraordinary manner, so 
that in some cases it was found difScult to find a place on them suitable to hold a 
spike; otherwise the ties were very strong and lasted well. After being four years 
in tbe track, Roodmaster Browning reported ' no sign of decay.' After being six 
years in the track, slight signs of rot were reported, and two out of two hnudred and 
twenty-six were removed for being split. After seven years in the track, two inches 
of rot was reported, and seventy-three were taken out of the track. This would show 
the Bine Gum tics comparing in durability with best Yellow Pine, which is our best 
second-olass tie. 

"The trees planted along tho track in Alameda Count; showed great thriftiness of 
growth, and in a few years demonstrated that wood could be produced in tills way 
with snrpaasing rapidity. In four years some of the trees had reached abolght of 24 
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to 26 feet and a diameter of 6 to 10 iDchen. At tbin [Hiiiit it vt'tui iluomuil oxpoiliont to 
termJDato tUo oi:perinioiit, and the trees were cut dotrn and iisod fur ongiuo wood. 

"In 1877 Mr. C. P. nuutjiigton scut a box of Catalpa seed (C. bignonioidea), with a 
strong recommeDdatiou that it l>e tested witli aview to cnltivate a plantation for tie- 
timber. The wood of tbe Catalpa ia coaTse-graitied and light, bnt it has the repata- 
tiou of being the most dnrable andet gronnd of all timber. Cases are g^uotcd of its 
loatiiig.liDriedin the ground, eighty years and upwards wlthont showing signs of rot. 
(Ohio Agricultnral Report, 1871.) The Goshen Branch, jnstbaUt at this time, paeeed 
throngh a treeless region whcro the land was moist and very fertile, hence it was 
deemed agood plaoo for the Cutalpa osporimeut, and a parcel of land, liflccu acres in 
ostont, was selected for that pnrposo in the town of Hanfoiil, TularoConnty, California. 
This tract was plautetl with Catalpa trees raised from the seed sent ont by Mr. Hunt- 
ington. The trees were sot out 8 feet apart, north and aouth. They throve remark- 
ably well, growing almost as rapidly as the Encalyptos trees about Sao Francisco Bay- 
Bat in the course of time the company received what was thonght to be a very advan- 
togeons offer for this l.-ind, and it was eold. Though the oxporimeutal grove was thns 
taken ont of our hands, it yet continues to flourish, and I learn from the report of the 
eoqjpany's ageut that these trees, which are now seven years old, have attained a 
height of from 50 to (iO feet and arc from 8 to 12 inches in diameter. Thej have now, 
therefore, reached a size when eomo of the trees might bo cut for ties. They were 
planted 32G to tlio acre. If one-fourth of these could be cut for ties, and by splitting 
them through the center, as is suggestod, four ties he made fron: a tree, this ground 
may he considered to bear already a very valuable crop.' 

" It was considered that the most important work in hand was that of planting out 
about the stations nud suction boaeee. To have a cheap and convenient source &om 
which to procure tree-plants it was determined to establish two nureeries, one iu the 
northern, the other in the southern portion of California. For the first a block of land 
heloDgtng to the company was selected iu the town of Chico ; for tbo second locality 
we took a portion of thorightof way situated between Sumner Station, California, and 
the Korn Biver. The strong clay soil of Chico was relied on to produce the plants of 
the Catalpa, Locust, Walnut, Poplar, and certain fruit trees, while thesandysoil and 
hot climato of the Kern River valley was expected to produce the different varieties 
of the Eucalyptus, Acacia, and Pepper Trees, and certain trees of arid habitat. 

" From thcBO sources wo soon had an abundant supply of tree-plants. In the spring 
of I8T7 the whole of tbe country eaet of Tulare Lake and south of the present town 
of Tulare was an unoccupied waste, used only sparingly for pasture. With a view 
of demonstrating that this treeless waste conld be made fit for homos, a half section 
of land was selected in the midst of this area at a point just south of Tipton. This 
was inclosed with a fence and planted with Eucalyptus and Acacia trees, and for 
their maintenance an effort was made to get an artesian well, which resulted success- 
fully, A good flow of water was obtained at a depth of 403 feet. Stimulated with 
this waterthe tree-plants grew fairly well and presented the appearance of a grove. 

"The example was followed by settlors, who bought land and soon were sinking 
artesian wells and making homes throughout this section, showing that one object of 
tbo experiment hod- been accomplished. We soon found, however, that the Bine 
Qum was too susceptible fo frost to thrive permanently at Tipton. Each winter hit- 
jng, frosty air pours down from the mountains out of the caQou of Deer Creek on to 
this particular tract, tbiui kilting the tender Blue Gums iu spite of their strong sum- 
mer growth, 

'Irrigation has been extensively carried on in this region, and its summer climate 
is nndonbtcdly more humid than is generally the case in the interior valleys of Cali- 
fornia. However this may bo, the Catalpa trees planted along tlio company's lines at 
all the principal stations in California have not thriven well, apparently being ill- 
adapted to tl)e long warm and rainless soasoiiK. 
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is ikt Cliiiw and Sitniour (Kcru Rivt'i'J riimiHli Irco-pluiitK, niitl I'ach 
ttpriug (taring the ptirioil adapted to plaotiug l.liey were iliatributeiT nlulig tbe Vines 
cf railroad aud planted about tbo etatioiie and lacction housoa. 

"In sonio localities, notably Id Nevada, great diOlculty was found in making tbo 
trees live. Tbis resnlted partly from tlio altitude and aevcro cliniato, ai)d partly from 
Helecting trees ill-adapted to tbo locality. It ie trne, wo know, tbat Cottonwood' and 
Quaking Aapeu and tho liko would jlourieb at tbo most difficult poiats, but it was 
deemed worth while (o try what eonld bo done ivitli moro dnrablo Bpocica and with 
frait treeH. In thia way it was not liy ouee planting, but by many times planting 
that the stations in the treeless wastes were gradually embowered. Oft«n, after trui^s 
were well started, tbo carelossnosa of an cmplojfi would allow Ihcni all to die off 

"Tbo situation of K<'rii River was found to bo oscellent for a nursery, but for 
the sake of economy it was abandoned in tavor of Tipton, where the plantation and 
imrsory conld be consolidated. Most of the trees planted out along tbo Soutborii 
Pacific, as far east as El Poso, wore raised in tliis nnrsory from tbo seed. 

'' In extending the trco-planting throngh Arizona and Now Mexico an aucxpceted 
diGGeaUy was enconnteroil. Wo bad looked for trouble from boat and drongbt, but 
we fonnd the most serious trouble te arise from frost. Wo never expected to find, as 
our luoteorological obscrvationn now show, a minimum temperatare of 8" and 10° for 
stations in Arizona. 

" In consequence of this lack of suilieieut data, tbo trees sent to tbat section for sev- 
eral seasons have been frost-bitten. As the first experience of this kind was thought 
unnsnal and oxf^optional, the samo kinds were tried again. I betiovo I can now re- 
port that Iho present st-ations thronghout California ore sufficiently snpplied with 
. living trees, so that, with reasonable care, the beanty and advantage to bo derived 
froni them will bo constantly on the increase." 

To tbo qncstion, " HaX'e you planted trees for wind-breaks, as a protection against 
snow-drifts, and with what snccessT " thirty-four, or most of the compauios from 
whom reports were received, reply emphatically, "No." 

Tbe Northern PaciQc Railroad Company says; "Yes; but it will take two years to 
determine with what success." 

Tho Burlington and Missonri River Company say, " Wo do not consider that our 
trees planted for snow protection are a very great snoccsa. In tbo winter, when 
protection is needed, tbe foliage is allolT, and the railroad 'right-of-way' being nar- 
row the trees must necessarily be too close to the road to make an efficient snow- 

The Chicago, Saint Paul and Minnoaivolis Company report good success, but give 
no particulars. 

The report from the Mlssonri Poeilic Comjiauy objects to the planting of trees for 
wind-breaks or as a protection from snow on acoouut of tboir obstructing the view at 
highway crossings, and because ituould involve tlio exprnso of purchasing land on 
either side of the rood so that the trees might bo set further apart than they can bo 
with the ordinary width of road. It is alleged that whore the road is only 100 feet 
wide rows of trees on either side, instead of protecting .from drifts, cause the snow to 
lodge there and Liccomo more troublesome than it would be without tbe trees. 

To the question, " Have plantations along your line been materially damaged by 
fire I " twenty-two companies have made reply. The general tenor of these replies 
would indicate that the losses by fire are not gieat. 

The Louisville and New Albany Company say : " We have had very little damage 
by fires to foreste, and do not think this would in any way discourage tree-planting." 

An officer of tbo Hannibal and Saint Joseph Railroad Company says, "I am not 
aware that any plantations along tUo line have been materially injurn4 hy fire, nor 
^o I consider fire a danger sufficient to diqcoufago trco-planting,'' 
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Eeport fromtlie Burlingtiin and Misiivuri Uivur ruail aaya: " Privu to groves along 
our road bavo sot bcoD seriously damaged Ly Oro, auil they do well in uearly every 
cose ; private parties being belter able to take care of treea tbun tbo railroads, hav 
'ng them near by wberotbeycaD bo coDstautly looked after, and not cndaDgeriDg them 
by file, as tbo railroads necessarily uiust do in runniug tbeir trains, and are not bo 
liable to have tbeiu burned." 

An officer of tbe New York, Pennsylvania and Obio road says : " I would adviue 
to make tbe plantations at some distance from tbo railway. Piros ore frequent near 
tbe railway. 

Tbe Louisville and Nasbville Company report: "Trees and beilges bave boon in- 
jured by fire along tbe line of raUroad." 

Tbe Michigan Central Railroad report says: "The damage is serious where gratis 
is allowed to grow ; otherwise not." 

Tbe Union Pacific Bailway Company report that tliu dauogo done by prairie fires 
has been disconraging, bnt in that proportion as the land becomes occupied by set- 
tlers tbe danger of fire is diminished. 

To tbe inquiry wbether the companies would be willing to expend a small amount 

annnally in tree-planting, tbe general tenor of the replies is in the negative. Some 
would be willing to engage in experimental plantingifotbera would unite with them 
but few, if any, roads seem to be impressed with a sense of tlio importance of under- 
taking the work of planting for their own benefit. 

From tbe Pennsylvania Bailroad Company comes this reply, wbich may be taken 
as a specimen of tbe general feeling on tbo subject: " To this question I would an- 
swer yes, if I wore tbe company. But, considering that about twenty- five years would 
be needed to get White Oak largo enough for ties, it is hardly probable the importance 
of timber caltnro will be recognized safficiently to even spend a small amount, say ■ 
$500 per year, systematically for this." 

The Wabash, Saint IiOnis, and Pacific Company saysi "The company would prob- 
ably consout to make a small expenditure annually in furtherance of troo-culture. 
Timber has heretofore been so abundant and cheap that there has been bat little 
necessity for taking tbe matter into consideration and giving it any attention. It is 
of great importance and should not be longer delayed." 

To the inquiry whether tbe lauds along the lines of railway are too valuable to be 
profitably devoted to treo-planting, while some roads report much of tho land as being 
of high value, they generally agree that there is a sufficient quantity of inferior valno 
which might be more profitably used for tho caltivatton of trees than for auy other 
purpose. Tbe Louisville and New Albany Company soy, for instance, " Our line is 
mostly tlirougb cultivated lands, but there are many tracts that wonlil bo just the 
thing for tree-culture, while of no value for auy other purpoac." The Union Pocilio 
Company say that tboro is an abundance of land fit for tree-culturo along tbo com- 
pany's lines, but it woald not bo advisable to plant and cultivate at tbo company's 
expense, for thoy cannot even protect from thieves the small patches of timber on 
the streams tliat were formerly found in many soctioue of thoir grant. 

To the qnestion, " Would not tree-planting by railways be facilitated if each road 
had lu its employ an officer nufQciently acquainted with tbe relative, value of trees 
audmodoBof planting to superintend all work of this kind ordered by tho managersT" 
the replies are almost unanimously in tho afflrmabivo. Most of tbe companies think 
such an officer would be indispensable, while a few tbitk tbe existing officers of tbe 
roads could manage the busineBF 
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Appendix 1. 

STKUCrURE OF CERTAIN TIMBEH-TIES; BEHAVIOR AND CAUSES 

OF THEIR DECAY IN THE ROAD-BED; 

togetbeh wiTR experiments on the adhesion of spikes. 



By p. H. Dudley, C. E. 



Tho extensive railway system of the United States will this year re- 
quire 60,000,000 ties for repairs, and as the lines are yearly extended 
the nnmber required for this purpose will be increased. Expressed in 
board measure this represents approximately 3,100,000,000 feet, u large 
quantity, though, for our great country, only comparatively so; for 
■ conld tlie supply be cut indiscriminately, and from all kinds of timber, 
our forests would continue to meet the demand for years to come. But 
the supply is limited to special kinds of woods, and ties-are cut chiefly 
tcom trees 10 t» 12 inches in diameter and from thirty to sixty jetffB 
old. This is one of the serions phases of the question ; for this con- 
sumption of young and thrifty trees reduces the future supply of tim- 
ber faster than would otherwise be the case. 

In the Eastern and Middle States the supply of timber adjacent to 
railways has been largely exhausted, ties for these roads coming from 
forests some distance away ; and, with the price constantly advancing, 
how they will procure ties a few years hence is a serious question with 
railroad ofKcials. But few railroad companies are in position to grow 
their future supply of timber, and if they were, it would be twenty-five 
years before they could derive much benefit from such a course. 

CHECKIHCl UMNECESSABT CONSUMPTION OP TIMBER BY PEESEBVA. 
TION OF TIES. 

The railway companies cau at once take more effective measures to 
increase the durability of the ties they must use, and thus to check the 
present consumption of such great quantities of timber. In former 
years many efforts were made in this country to preserve ties by artifi- 
cial processes ; hut the cost was so great and timber so cheap, while the 
results were only partially successful, that for the time being all methods 
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fur the presci'vtitioii of tiott were ivbiitKloueil. Dtit ivt ]>reso.iit the on8(^ is 
diSi^rent. In many localities timber is two or tbree times aa ex[>eniiivo 
OS it formerly was. Oliemicals aro iducU cbeapi-r and money, boars a 
lower rate of interest, so tliat, upon the score of economy alODe, it will 
now be expedient to do wbat waa unwarranted a few years ago. Little 
inquiry was made as to wliy so many of tbo preserving i>rocessc8 failed. 

THE BECAY OF TIMBEB AND TIBS DUE TO THE QKOWTU OP VABIOUS 
KINDS OF FUNGI. 

lu dry situations, iis in i-oofs of buiUliugs, or wben submerged in 
mud and water, seasoned wood will last for centuries ; but it decays in 
places wbere it is warm and moist (from 40° to 120° Fabr,). Formerly 
tbedccayof timber was generally ascribed to slow combustion (Liebig's 
Ercma«ansis), but it is now known to be due to rarious kinds of fungi, 
tbe presence of many of wbich microscopical investigations bave dem- 
onstrated. 

As regards the relative i>osition of the fungi in the scale of plant-life, 
it is i»erhaps only necessary to say they aro a great group of plants of 
low organization, destitute of chlorophyll, and bearing neither k>:i\'eH nor 
flowers. Instead of scetls they produce microscopic spores, which are 
freely disseminated by wind and water. They are dependent t^iieUy 
upon higher plants for their nutriment, appropriating tbe already elab- 
orated mater^il found iu tUe tissues of these hosts. Nearly 50,000 
species of fungi have been described, many of wbich grow on or iu the 
wood of trees. 

A large number of the measures formerly adopted to prevent and check 
decay, especially that of unseasoned woo<l, by confining tbe moisturt*, 
were tbo most effective iu causing the fungi to grow, inductu;;, it is be- 
lieved, the decay of the wood. Thus it is a well-known fact that paint 
ing green timt>er will hasten rather than retard its decay ; the paint, 
by retaining the moistnri', furnishes a necessary condition for the ger- 
mination of tbe inclosed spores. This also is probably tbe explanation 
of the failure of so many of the other preserving processes. The chem- 
icals, or other substances used, formed ah exterior coating* like paint, 
thus retaining the moisture and allowing the fungi to grow on the in- 
side, causing the so-called " dry-rot." If the timber be thoroughly sea- 
soned, an exterior protection from moisture is sufBcient to prevent de- 
cay. The rotting in four or five years of many of the earlier wooden 
bridges, wbich were painted before tbey were seasoned, is familiar lo 
all railroad men, while those unpaintcd lasted much longer. So, ton, 
nnpainted covered wooden bridges were found to be the most durable, 
from the fact that the timber was kept so dry as to preclude the attacks 
of fungi. The timber, if not too large, became thoroughly seasoned, and 
in that condition was practically indestructible. 

'ScoUarboliiieBUl tv« aProtcotipri asiiinst t|)P JJccay of WoQil, p. 104, 
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Ties should be seasoned. — Simply seasoniug ties would add much to 
tlieir durability. They should l>e jiiled so as to have a free circutatioo 
of air uuder aud about euch tie. Thetopof Iho pile should bo inclined 
so as to shed water. As soon as the trees lire felled the bark should 
be removed in order to facilitate the seasoning of the wood. Large 
timber for switch-stauds, trestles, Soor beams, and stringers for bridges 
should be seasoned uuder cover to prevent the sun from seasoniugonly 
an exterior layer, thereby preventing the escape of moisture from the 
interior and inducing interior decay. Station platforms of timber should 
have a circulation of air under them, otherwise they are quite liable to 
be attacked by some of the fungi. In many eases spruce planks in these 
structures have decayed in leas than two years. 

The appearance of some of the fungi preseut upon and in piles of 
timber is, perhaps, familiar to all track managers, but wo have been 
taught so long that this is simply the accompaniment of decay, instead 
of being its inducing cause, that such eflFective measures to prevent 
rotting have not been taken as might have l>eou and will now be adopted 
since the cause is better understood. 

Preservation of ties. — In most eases thorough and proper treatment 
will preserve ties so as to double their life as far as decay is concerned ; 
but the method that is most suitable for one kind of wood may not 
answer for another of differeut characteristics. This will be more ap- 
parent upon examining the structure of the woods illustrated. To be 
successful the conditions of each case must be considered; not only the 
kind of wood, but whether it is seasoned or not, and what the final 
suiToundings are whore it is to be used. For railway ties, we cau say 
in genera] that the treatment must be such as will do one of two things: 
keep the wood dry; or, if it is to be used in a position where it will be 
moist, tho antiseptic must be sufficient \o check all fungous growth or 
fermentivtion, to do which the cells of the wood must be thoroughly im- 
pregnated. The success of ])r. lioucherie's first process of forcing a 
solution of copper sulphate through the green wood was due to tho 
complete impregnation of the wood-cells. But this plan of treatment 
requires much care and skill to bo effective. The late l>r. Hough, iu 
Vol. IV. of the Keport on Forestry, p. 105, says : 

" Upon the Flushing Eailrond Burnettizcil tics wcroused inbujtdiug tlio pilu-nork 
near Flashing village in 1868, tlio timber boiug grooii Sprii<w 12 by 12 (inolies), sawoil 
au(I need aa stiingerB, from 4 tu 10 feet above the level ef Hutt-marsh inoiuleivs. They 
appeared to have been thoroughly troatoil to the heart. There buiugHOiiio dcRcieney 
ID the Bupply the work waa com pie I uil with White Fiuo striii^pini (not Buinett- 
ized) of the eamo dituuuaiouH aa tlio S|ii'uco. Ui)oii rupairioi; (he pile- work the Bur- 
nettized tiuihor wiia funtid decayed in the heart, leaving a uheli of from 1x3 iiiebcs, 
while tho Pino was comparatively suniid, some portions being nieruly sup-rottKii an 
ioch or BO deep on the otitaido. 

" The roaOnaater tbon in charge, and who writca apparently without tUu least iu- 

tereet or prejudice, considers the Bnrnettiiied tiniliers unsafe for railroad structures 

on account of its decaying at the heart and leavingashcll that ia sound, which would 

naturally lead oiu|doy£a to regard tlio timber aafe for traius after it bad loached a 

21753— Bull. No, 1 3 , 
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degree of woakDOM that wm altogetlmrdangoroua within. Hu tbiuks tbat tlila proc- 
oasliaea tendency to produce dry-rot, e«puci ally uf Fii)o or soft-wood. 

" It would, bonever, bo unfiiii to draw coacluaions fruin Amorican oxpericuce, aud 
perbaps it wo aid bo just to attribute boiiio, at least, of tbe failures tbnt bave fol- 
lowed to the inoxperioucc of wor1<iueii anil to tbo superScial and im perfect manner 
tu whicb these processes liave been applied." 

The laAt aentence explAins the matter. The fault was Dot iu the an- 
tiseptic but in tbe tuaniier of its application; the heart-wood wa« not 
impregnated with a snfBctcnt quantity to protect it from tbo fungi. 

STRUCTDBB OF THE WOODS UNDBB C0H8IDEBAT10N. 

In the following pages will bo considered the structure and nature of 
some timbers with reference to their use as railway ties, aud their 
special requirements in regard to preserving processes ; namely those 
which form the bulk of our wood supply for railway purpo.ses — White 
Oak, Chestnut, Cedar, Yellow Pine, Ilemlock, and Tamarack or Larch. 

The oak and chestnut belong to the Angiospcrms, and the cedar, yel- 
low pine, hemlock, aud tamarack, to the Gymuosperms, all of the latter 
having the generRl charact«ristics and structure of tbo Conifers, but 
differing from each other in detail. Iu the first two tho cell-stri^cture 
is entirely unlike that of the last four, being far more complex and 
highly differentiated, the inner portion of each annual layer having 
from one to three concentric rows of large ducts, while smaller ones are 
distributed through the entire layer. 

All these trees are Exogeus or outside growers, aud if we look at a 
transverse section of any of them of tho natural size we see it is com- 
posed of a series of annual rings, each representing a distinct period of 
active growth, generally only one ring forming each season, but often 
varying in thickness. For instance, iu the White Oak [Qucrcus alba, L.) 
a layer of a poor season's growth may not have the full number of tho 
bard, dense fibers whicb give hardness to the wood. To some extent 
this is true also of the chestnut. In the other woods under considem- 
tion each layer will have more nearly its proper proportion of tho dif- 
ferent fibers, though the layer may be thin. Through each annual ring 
pass tbe medullary rays, whicb extend from the bark to the pith, and if 
a small section be magnified the general characteristics of the entire 
layer are seen ; if the section be taken from the sap-wood the structure 
is not so complete as in heart-wood, and the cell contents are not tbe 
same. In tbe mechanioal destruction of ties the ease or difficulty witli 
which the rings separate has much to do with the wearing capacity and 
consequent durability of the ties. This feature differs in all tho woods 
under consideration, and will be specifically treated for each one. 

PHOTOMICBOGEAPHS OP THE BUGNIPIED STRUOTUEE OP THE WOODS. 

The photomicrographs accompanying this report are all enlarged 

to one scale, namely, 100 diameters, and by employing the metric scale 

in making a measurement, and dividing by 100, the natural size of 
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Report of Forettrr DlTlslon, Department of Agricalture. 



QuERcvs Alba, LiNNAEua; White Oak. 
Transverse Section x 100 Diametera. 
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iv cell or the thickiie>j.s of its wall uati 1>u obtained. l<'oi' tlii» itiniiliHcii- 
(iou tlio field of tbe olijoetivo covers an urea of tlie specimen equal to 
oue-teuth of an inch in diameter, wliieli is enlarged to 10 inclies, tlio 
Xiliotoniicro}!;raii1i being taken from the portion tlius viewed with tlio 
same amplification retaiiiotl. To show tli© entire structure of the wood 
a x)hotoiuicrograph of three different sections is required, i e., transverse, 
tangential, and radial. In the transverse section the cells are cut across, 
showing some in their largest diameter, while others are eat at varying 
portions of their length, and, therefore, show difieront diameters. All 
of these transverse sections are so arranged that the top of the i>age 
]>oiat8 to the center of the tree, and the bottoiii of the page to the ont- 
Ride of the bark. The lines nitiiiing down tho page indicate the me- 
dnllary rajs, which extend outward through each layer of wood as it is 
formed. The views of the other sections will be understood from the 
special descri[>tiou uuder each species. 



White oak, Quercus al-ba, L. N'o. Uul.* 

The photomicrograph of tho transverse section of tho White Oak is 
from an aui>ual ring of modiuin thickness, and a striking feature in its 
api>earnnce is tho concentric circle of ducts in the early spring growth 
of woo*! ; ia tho thick rings somottmos there are two or three rows of 
ducts, the third one being of smaller size than tho others. Tho first 
row forms in the spring as the leaves are opening. Tbe largest duct in 
tbe illustration is round and .013 of an inch in diameter; some are 
smaller, and others flattened or elliptical. Except when first forming 
these ducts are never open, as usually stated, hut are filled with deli- 
itate tissuct This tissno is so delicate and its cells so large that in 
cutting tbe sections it is more or less removed by the sectioii-kuife. 
It is, however, quite durable, for in decaying ties this tissue in the 
ducts is still intact after many of the surroiiudiug wood-cells are de- 
composed. During growth, fluids pass through this tissue by osmotic 

* The botanical Dftmes are those used by Prof, Sa^eiit in bis rejiort on the " Forest 
Trees of North Aniorica," Vol. IX., of the Tentli Consiis; the nnmliors refer to those 
used in that work. 

tlV'""**. a iMiculiar cull-structure foiincl in the diieta of uiiiiiy of our timber trees. 
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aotioii. Siirrouiidiiig these ducte are small cells, which are termetl 
tracheids, haviug minute thin places in their sides ; the middle lamella 
of the cell, however, is not visibly perforated. Some cells coiitainiiig 
starch are also i uteriniiigled with tUe.60 tracheids. If the tree is not 
vigorous or the season favorable for a large growth there are ouly 
a few other cells formed, and the annual layer will be narrow and im- 
perfect ; and if the entire wood is made up of such rings it has a low 
specific gravity, is " brash" and not strong. Such wood is not suitable 
for wheel-pieces of car-trucks, and when used for ties the rails wear 
down into it as they do ou ehesiiut ties. In an nunual layer of vigor- 
ous growth large bundles or masses of hard, dense tihers are seen just 
outside of the concentric circles of ducts, and wheu fully formed extend 
through the outer part of the layer. These fibers vary in diameter from 
X>OG to .0075 of an inch. Such bundles or masses of hard fibers give to 
this wood its i)eculiar hardness aud toughness, making it so vuhiablefor 
railroad ties. The medullary rays luu through the bundles and at fre- 
queut intervals are intersected by colls running parallel to the axis of 
the tree, thus couocctiDg radiating bundles of medullary rays, and di- 
vidiDg a mass of hard fibers into small rectangles. On either side of a 
mass of hard fibers will he seen a series of small flattened ducts about 
,001 of ail inch in diameter, surrounded by small tracheids and some of 
the small wood-fibers. In this transverse section only single lines of 
the medullary rays are seen, but large bundles do occur, and a portion 
of an end view of oue will be seen in the tangential section. Kear the 
top aud bottom of the illustration can be seen the lines where the an- 
nual layer joins others. The illustration of the radial section shows 
it to have been made through a mass of dense fibers, exposing also the 
exterior and Interior of one of the large ducts. The single rows of cells 
running down the page are the medullary rays. This view shows also 
the firmness and solidity of the wood. The hard fibers running across 
the page give but little indication of where they join or iuteilace. One 
of the ducts shows the surrounding tracheids and also the cells of the 
medullary rays crossing the duct. 

lu the tangential section, as already stated, are seen the ends of the 
cells composing oue of the great bundles of medullary rays so commou 
to this wood ; but few of the cells are as large as .001 of an inch in di- 
ameter, most of them being much smaller. On either side of this are the 
hard, dense, woody fibers, interspersed with small bundles of medullary 
rays of a single row of cells snperimposed one above the other. From the 
views of the structure of this wood it is seen to be one of considerable 
hardness and density. 

Speeijic Gravity. — For the heart-wood, this ranges from 0.65 to 0.00, 
lu Vol. IX., of the Tenth Census, Professor Sargent reports the average 
of thirty-one pieces, dried at 100° centigrade, as 0,7470. Ties will never 
be found as dry as this, and in general the average will be mnch higher. 
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lu wet places oak ties often become water-soaked aod will sink when 
thrown into the wat«r. 

Change of sap-wood to lieart-wood. — The sap-wood of the White Oak 
changes to heart-wood iu tcii to fifteen years, mnoh earlier tlian that 
of some of the other oiika.. This is a valnable feature, as ties are cut 
mostly from small timber of the proper size and flattened on two sides, 
leaving tbo sap-wood on the remaining sides. In many cases the bark 
is not removed, but it shonld be at the time of felling the tree, espec- 
ially if the temperature be about d(P or GiP F. If the wood is cut 
during active growth the sap furnishes a good medium for the growth 
of various fermeots, which, if special care is not taken to prevent 
their growth, will affect tbo sap-wood and eventually the heart-wood. 
When such fermentation has taken place and is afterward checked 
by drying, the wood is discolored and is called "dozy," and will rot 
quickly when placed in the road-bed subject to conditions of warmth 
and moisture. 

Note. — The controversy as to ILe iuflnence of the lioie of felling on the dDrubility 
of tho wood oanDot yot bo said to be deliuitoly cloEiod. Tlio moat recent investiga- 
tions nnder this head, pablisheil li; ProfcBsors Harlig, Poleck, and Dr. Lehmann, 
would indicato that the qnestiou cannot ho unnweTed gnnorally, but that tho ansirer 
is dopoDdent ondiSurent coodibions in each epeoial case. 

The "dry-rot" fDngoii ( VeruIiiM fucrifmanf, Schnm.) being foand t'Obe the principal 
destroyer of the wood used in bnilding, Professor Poleck was indoced to examine tho 
mineral couslituenta of timber felled in the winter and in tho sammer with regard 
to the nxinironients of this fnugos, and was led to state that the snnimer-felled tim- 
tier affords a lietter snpply of uonrisliineut to the fangos than that felled in winter, 
the former being five times as rich in potash and eight times as rioh in phosphoric 
acid as tho latter. Tlie experiments which confirm this view were oondacted witli 
blocks of timber inclosed in casks. Unfortunately, later ou. ProfoBsor Poleck discov- 
ered that tlio timber procured for him, purporting to be winter. felled wood, was in 
reality raft-timber; nuil ho Las ascertained that timber whicti bas been immersed in 
water is no longer liable to the attacks of "dry-rot," the effect of the water being to 
dissolve out slowly the alijumen and salts, thus depriving the fongns of the neces- 
sary nutriment for Its duvelopment. So mnch bo is this the case that in Alsaoo it is 
customary to specify that only raft-timber shall bo employed. 

Ill opposition to the theory of Professor Poleck a nnmber of experiments were car- 
ried on by Professor Hartig. In the first place he shows that at the end of April tlie 
sap has not risen in the timber, and that no mineral matter can have- been stored op 
in the wood-cells which were not present at the begiuning of the winter, and that 
tho true siimmor-felled timber must, if anything, bo poorer in mineral salts than that 
felled in I lie wiutpr. Ilia analyses confirm (bis view, showing 8.12 per cent, of phos- 
phoric acid in winter wood as opposed to 5.89 per cent, in sammer-felied wood; and 
while Professor Poleck insista npoa the necessity of pbospboric acid for the growth 
of tbo fnagus, Professor Harttg lays most stress npon the presence of ammonia or 
potash salts as being essential. 

Professor Ilartig'a experiments made with pine and fir, foiled for the purpose and 
stored in a specially constrncted collar, are most elaborate and minute, the general 
resnit being that both summer- and wintor-fellod damp fir and pine (two kinds of 
woods behaved alike) lost oqnally in weight. When, however, dry winter wood was 
contrasted with wet winter wood, the results wero astonishingly different. In tlio 
ease of fir the dry wood lost 11 per cent, in woight,'wliile the wot wood lost 23.1 iwr 



THE QBEAT VAiUE OF WOOD DBTEBMINED HY LONG ESPEEIBNCE. 

TLe wood of the Wliite Oak is tlio one most desired by railroa<l com- 
panles for ties. In tbe primitive forests tbe growtli was very general 
in those sections of the country wboro railroads were coiistrueted, and 
it« groat valnc lias boen fully demonstrated by long exi>erience. Tlie 
demand for tics of this wood has bcoD so iini>erativo that large extents 
of territory once covered by this valuable timber have long siuco beeu 
denuded ; what remains is so scarce and valuable that few companies 
are now able to obtain a supply of second-growth for ties. 

The oak holds a spika with great tenacity, and thus tbe rail is firmly 
fasteiie<l to the tie, a feature the im|^>ortanee of which is cotirely over- 
looked by people who have not had practical experience in the matter. 
Tbe wearing down of ties under the rails is not due alone to tbe ease of 
indentation, but largely to abrasion. The softer tho wood the less 
firmly the spike' is held, aud if there is more or less looseness of the rails 
an abrasion takes place more rapidly than when they are held (irmly to 
tho tie. This fact has been determined by practical tests. Alternate 
tics under the same rail have been bolted to the rail, and the abrasion 
was less rapid on them than on tbose which were spiked. I am well 
aware of tho prevailing opinion in the New England States, where the 
Chestnnt is so extensively used for ties, that were they to attempt to 
change to oak ties they could not draw the spikes to make the adjustments 
in their rails, but would break off tho beads of the spikes in tbe trial. 
Against this opinion, however, we have the experience of the main 
lines, with a large mileage aud tonnage. They prefer the White Oak, 
experiencing but little trouble in drawing spikes, and they would not 
use any other wood, except that its scarcity and cost have compelled 
them in many cases to do so. 

Burability.— White Oak ties last from six to ten years. S>;ven years* 
duration is considered good under heavy traffic on rails with a 4-iuch 
base. Longer wear of course is had underbroadfacesof 8 to 10 inches. 
The moisture which collects around the spikes and under tho rails 
eventually softens the iujured fibers, and fermentation is set up iu two 
to three years, depending upon local conditions of moisture and heat 
combined, the most rapid fermentations occurring in localities where 
the warm season is the longest. The decay of the ends and central 

cent. J but in tbo case of pino tho losa in the dry wood was 13.3 per cent., while in 
wet wood it was only 13.6 per cent. 

Comparative cxporiinetitti with heart-timbet of flr and pine, aa contraetotl with 
the ontaiile planke, Bhowed that while in tlie fir the heart was destroyed more rap- 
idly than the outside lajors the reverse was tlio case iu the pioo. 

Very nnexpected results were olitaiaod wlion tlio wood was in contact with varioos 
sahstancoa, as sand, coal-dnst, ashes, gardon-mold, etc., rrom which it would seeiu 
that clear sand is worse for lilling-iu between the joists than a uiixtnre of sand and 
plaster, while dry rubbish from old buildings is better filling material tbau coal-dust 

The question, then, of the best time of rolling, us reganis the lasting qnalitiea of 
timber, cannot yet be considered as settled, and tho matter of haDdling timber aftor 
felling ia the point of most importance. — B. E. FkRNOW, 
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portions of White Oak ties as a rule follows closely niwu that nndcr tiie 
rails, especially tliat portion of tbe tie which is sarrounded bj' or uuder- 
neath tbe ballast. In gravel ballast, oak ties decay more rapidly ander 
the ballast than in tbe fnlly exposed parts. In most localities the do- 
cay of the oak is retarded by imbedding the tie in tbe ballast as little 
as is compatible with tbe stability.of the track.- The layers of wood 
nnder the rails separate from each other by the breaking-throngh 
of the tracbeids between the large ducts, yet not as readily as in the 
Chestnut, bnt tbe massive bnndles of medullaryrays of the oak to some 
esteat check the breaking or crushing of the trachcida, and offer con- 
siderable resistance to the nudulation of the rails and consequent abra- 
sion of tbe ties. The apparent injory to the White Oak ties by spik- 
ing is not OS great as it is to the other woods under consideration, bnt 
it is sufficient to shorten, to some exteut, the life of ties osed. Boring 
holes for the spikes woald prevent much checking of the wood, and a 
proper-sized holewonld increase the adhesion of the spike, as shown by 
fests." 

. Time of cutting TPAtte Oak for tiet. — The season of cutting affects the 
heart-wood mnch less than it does the sap-wood. Great care must be 
taken of timber cut from April \o July, as the large amount of sap elab- 
orated at this time furnishes a favorable condition for the development 
of fnngi, first involving the sap-wood and then the heart-wood. Por a 
like reason care must also be taken of timber cut from July to Novem- 
ber, as the sap-wood is liable to be affected; but timber cut in winter is 
less liable to attacks of fungi at once, from the fact that as a rnle the 
temperature is too low for such growths, and the wootl is more likely to 
get partly seasoned than if cat in the summer. t 

PEESEBVATION. 

This has been accomplished by "Kyanizing" and " Bnrnettizing" 
and by the use of copper sulphate. Bat the treatment must be long- 
continued to insure full penetration Into tbe wood; otherwise it will 
be a failure. 

Fungi. 

The sap-wood of White Oak ties in the ground is quickly attacked by 
Polj/porus vemcolor, Fr., the fungus ofteu being found fruiting on tiiu- 
ber in the main tracks. The past season I have found it growing to 
some extent upon the heart-nood of this class of ties, showiug that 
under favorable conditions it can destroy the heart- as well as the sap- 
wood. 

Dtedalia querdna, Pers, is often found growing on the sap-wood of 
these ties, and destroys them with considerable rapidity.J Polyp<yrua ap- 
planatus, Fr., attacks the heart- wood, and is very destructive, tbougli 

* See Table TI. on AdhoBion of Spikes, p. [>8; niso note and tables on p. 6^. 

t Soo foot-noto, p. 37. 

t Prof. Cbarles H. Puck tliioks it p.innot lio qiierd-.a, .is bo has not becD able to 
find any {rpccimouB of tliis species. 
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it is rarely foiuid fruiting in the main tracks. LenzUea vilan,Pk.j is often 

fonnd npou tbe White Oak ties of bridges. 

Chestnut, Caatanea vulgaris, var, A^nericana, A. D C, No. 290. 

Each annual ring of wood, as seen in the photomicrograph of the 
transverse section, has one concentric circle of ducts, sit least in the 
interior portion of each ring, and in other specimens a sccoud and some- 
times a tbinl occnrs. Botanists recogiiiKC only one species; butiu re- 
gard to stractnre and color of the wood two varieties are discernible. 
In one of tbe sections, taten from a tree grown near New York City, 
Ihe effect of cbmatie conditions upon tbe character of the cells formed 
is readily traced. 

In order to show an entire se-ction of this ring (from tUe second 
growth wood, tbe most desirable for ties) three plates of tbe size of the 
one presented (7 by 7^) would bo required. The section of this ring 
was taken from near the heart of the tree, and exhibits tbe character- 
istic stractnre, though the ductus are only about one-third the usual size. 
The wood from wliieb tbe photomicrographs of the other sections 
were taken is most suitable forties. Surrounding the ducts and gi-ow- 
ing with tbem are tracbcids, which have a lumen from one-half to two- 
thirds the size of the cell ; but in some of the annual rings (from the 
same piece of wood) only a lew of the tracheids are seen with a large 
lumen beyond the first row of ducts; there are also found tracbcids 
with a small Inmen and some fibers making up tbe rest of the ring, 
while in an adjacent ring the tracbeids may form many rows beyond 
tbe ducts, the wood-fibers usually completing tbe ring. Wood formed 
of rings of the latter character is stronger and has a greater specific 
gravity than wood which is formed of annual rings, as first described. 
Under the microscope tbe distinction between the two grades is easily 
made; for in tbe wooil composed mostly of fibers there are numerous 
cells, which in tlic alburuum (except in active growth) contains starcli- 
The heavy lines of cells running down the page represent the me<lullary 
rays, which in this wood arc mostly in single rows, the cells being 
placed one above the other. The mednllary rays bend around the 
ducts, their cells being slightly flattened aud curved. In tbe woo<l- 
flbers the meilullary rays are intersected at right angles by numerous 
rows of colls which contain starch, as described above. In the radial 
section tbe cells crossing the page are those of the medullary rays, 
while on tbe left are seen the numerous tracheids which surround the 
ducts. On the right of the page are the longitudinally arranged wood- 
cells and traces of some of the smaller ducts. Tbe ends of the medullary 
rays are seen to be composed of cells in single rows, and very numer- 
ous. The cells of this wood contain considerable tanniu, and their sizcj 
with a comparatively large lumen, shows that the wood has a low speci- 
fic gravity, ranging from 0.36 to 0.56, the former occurring in large trees 
grown in dense forests, while the latter is frequently found in small 
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trees liaviug -large leaf areas aud growing iu open woods, as aecond- 
growtL timber. 

Change of gap-wood to heart-wood. — Iu large trees this change takes 
place in from ten to fifteen years, wliile in yonnger trees, growing in 
the 2>rew England States, the change is completed aooner, usually in 
foiir to six years. This is important, as the majority of ties are cut 
fi'Dm amall timber, and flattened only on two sides, the sap wood form- 
ing but small portions of the faces of the tics. 

Durability of Cliestnut ties. — Ghestnnt wood is far more durable in 
contact with the soil than any other species considered in this paper, 
except, possibly, the White Cedar. Bnt as soon as iron comes in eon- 
tact with tJie longitudinally arranged fibers of the nnseasoned wooil, 
its durability is decreased, and decay is likely to commence, especially 
around the spikes. After a few years ties of sound Chestnut are found 
to decay from the surface downward, and rapidly in the vicinity of the 
spikes and under the rails. Iu most soils, if the ties remain in the track 
over six or eight years, the ends and central portions above the ground 
become affected, while the portions under the ballast are sound. The 
order of decay is the reverse of that of White Oak, Yellow Pine, and 
Hemlock, aud the body of the ties lasts longest when fully imbedded 
iu the ballast. 

Chestnut is a soft wood, and in ties which have been removed from 
the track after four to six years' service, on account "of cutting luider 
the rails and injuries from spiking, the cuds and centers are found so 
sound that the opinion has been quite general that Chestnut ties do 
not decay under ordinary service, but that the failure is due to the 
mechanical destruction of the wood-layers under the rails. After hav- 
ing the opportunity during the past two years of examining many 
thousand Chestnut ties, removed irom the tracks, I find this opinion 
needs important modification. Cut out a section of a tic which has had 
four years of service under fair traffic, and incipient decay is found to 
have commenced in all of the layers which have been loosened, except 
three or four under and next to the rail, as here the air dries the wood 
too rapidly for fermentation to be sot up at once; but the fermenta- 
tion which takes place uuder these layers soon renders the fibers soft 
and brittle and capable of furnishing bnt little support to the rails. 
It is a well-known fact that the rapidity of abrasion increases with the 
ago of service, which would be expected after an investigation. Could 
we find ties where the injury to the wood-fibers from the spiking did 
not show, the affected spot would be V-shaped, the included angle be- 
ing lai'ger for a. broad- than for a narrow-faced tie. This effect can be 
DOtical in Figure 1 (page CI), though that of the spike is included on 
one side, the dark portion representing the injury. In Fig. 2 the in- 
jury is shown extending from the spike along the fibers. In Chestnut 
ties the spikes soon discolor the wood in immediate contact, and after 
this has taken place fermentaliOD is moreeasily set upin the discolored 
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wood than iu tbo ancolored portions. The injury to tic'8 of this wood 
Ity the spikea ie twofold, mcchauicul aod chemical, both favoring decay 
aroand the spikes and under the rails. Boring holes for the spikes 
would add to the durability of Ohcstnut ties, and without luucti detri- 
ment to the adhesion of the spikes after two or three years of service. 

Under traflflc aa heavy as that of the Boston and Albany Railroad, 
the Ohestnut tie generally fails by tho rails catting into the face; bnt, 
excepting at the entrance of the great yards, this docs not occur to a 
marked extentuntil the fcnneatation mentioned lias taken place around 
the spikes and under the mils. 

When tlio rings of wood are In a tangential position to the rails they 
separate by the breaking of tbo traciici<ls to a depth of from one to 
three inches. Those rings which are cut through and present their 
edges to the surface, 8ei>arato and become filled with sand, which is 
crushed into the wootl by the passing of trains, and tiio sand will be 
found between the tliird and fourth layers under the rcils. In such 
cases the fibers are between " the upper and nether mill-stone," and are 
abraded very rapidly, reciprocal action or abrasion also taking place at 
the base of the rails. 

The decay of Ohestnnt tics is ubuallj- Y^rj blow, and on ties affected 
before they are placed in the road-bed the decay is generally upward. 

Preserving Chestnut tics. — But few experiments have been made in 
preserving this woo<l for ties, on account of its natural durability. 
Those experiments made with coi-rosive sublimate hardened the fiber 
and increased the wearing capacity. 



The fungi which I luivo found on Chestnut ties iu the New England 
States are as follows ; 
Folyporus versicolor, Ft. ; very common on posts also. 
Tolyporus Mrsutus, Fr. 

Pol]/porus pergamenws, Fr. ; on ties with the bark on, 
Polyporus sulpkureus, Fr. ; without doubt very common. 
Polyporvs spumevs, (f ) Fr. ; on ties removed from the track. 
Agaricus Amerieana, Pk. 
Agarieus aublaieritim, Fr. ; very common. 

White Cedak, Ckamweyparis spkeeroideaf Spach, No. 329. 

This tree is found from " Southern Maine, near the coast, to Northern 
Florida, and along the Gulf Coast to the valley of the Pearl River, 
Mississippi," • reaching a height of 75 to 80 feet, and sometimes with a 
trunk 3 feet in diameter, generally growing " in deep, cold swamps." • 

In the New England States this tree is a very slow grower, in the 
majority of eases, the annual layers ranging from 1-33 to 1-lGof an inch ; 
some exceed this wi<ltli, but in several ties measured they did not ex- 
•C.S. Sarfient, Vol. IX., CpnsQs Report, 1880. ( "ooo 
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ceed 1-32 of an inch 2 incbes from the center. The wood is very light, 
weighing only from 19 to 22 pounds per cubic foot.* 

In the photomicrograiih of the transverse section the cells are seen 
to be of nearly one size throughout the entire layer, being only slightly 
compressed in the fifth to the tenth row of cells of the latest growth 
in each ring. The walls of tlie tracheids are of nearly uniform thick- 
ness thronghoat the ring. In this wood there are no resin-ducts; 
there are, however, special resin-cells represented by a few black rect- 
angular spots near the outer portion of each ring. Tb is feature is com- 
mon to all the cedars I have examined, and also to the Sequoias. The 
diameter of the tracheids is the smallest of any of the Conifers under 
consideration, being only 0.0013 to 0.0015 of an inch, the lumen rang- 
ing ftom 0,0011 to 0,0013 of an inch. The medullary rays are very del- 
icate, and in this view hardly show a trace of an opening. 

The radial section was taken from a specimen of narrower layers than 
those of the transverse section. The longitudinally arranged cells of the 
tree are represented horizontally on the page. The lenticular markings 
are very small and close together, especially near the ends of the cells. 
The chain-like appearance of the small resin-cells shows for a short 
distance in the lower annual layer. The cells of the medullary rays, 
which are not abundant, run down the page, and, being very small and 
generally filled with resinous products, are not easily affected by fnngi. 
The great delicacy of the medullary system is seen in the tangentinl 
section ; it is found to be composed of only single rows of cells, which . 
are superimposed one above the other. Often but a single cell is found, 
yet bundles of two, three, or four cells are very common ; those of six 
are interspersed at great intervals in this section, and now and then a 
larger bundle occurs. I have found the medullary system to be verj' 
delicate in all the cedars, which, in addition to the presence often of 
resinous matter, perhaps in a measure accounts for the slow lateral 
spread of the spots of decay in this wood. 

The impression made on one who for the first time sees ties of this 
wood, now being received by the railroad companies, would not be as 
favorable as that in the case of those who have had a large experi- 
ence in their use. Out of many thousands which I saw just received by 
railroad companies this spring, not 10 per cent, were perfectly sound : 
yet-, when put in the ground, they will last from eight to ten years. 

Some ties would have adecayed center, whileothers would have only 
five to ten small spots ; but as long as there was sufKcient room for 
spiking the ties were considered good, as they decay in the ground so 
slowly that their mechanical destruction under the tratBc is accom- 
plished before they are completely rotted. 

From its great durability this wood is well adapted for railroads of 
moderate passenger and freight traflBc. The ties with a 7- to 8 inch face, 
7 inches thick and 8 feet long, have tliis spring cost from 30 to 35 cents, 
while Chestnut ties of the same size cost 55 to 66 cents in the vicinity of 

' See Table II., Specific Grn.vity, p. 63. 
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Bostou, Mass. Tlie sap-wood ou the tics is only oiie-lialf to three qunr- 
tors of an inch thick, auA quite generally the former. Sixteen or sev- 
enteou of theec ties are pat under a rail 30 feet long. It is the softest 
and lightest of all the woods considered in this report, but it is found 
to be most durable in service, and, because of its smal) medullary rays, 
when in the ground does not absorb proportionately as much wat<T 
into its wood-cells as the Hemlock or Ubestnut, and after three or four 
yeara' service is not cut into as rapidly as are the two latt«r kinds of 
tics. The logs of this wood which have been buried in the swamps of 
New Jersey for hundreds of years, when cut, rise and float, showing 
that they are not " waterlogged." 

This tree has an abundance of small limbs which shoot out near the 
ground and do not die until the limbs and foliage above them shut out 
the necessary snpply of light for growth; then they become drj', but do 
not decay rapidly ; when they break olf it is close to the trunk, the 
wound being liealed over at onee, as in many other trees ; but it re- 
quires from ten to thirty years to close over the projecting stub. 

In many cases spores of higher fungi {IIpmenomycete)i) aud the spori- 
dia of some species of the Sphwriacei find lotlgment ou the bark of 
the broken limbs, and Anally a growth is extended to the heart-wood. 
But ou account of limited supply of air the decay thus set up is very 
slow, and it follows up and down the wood-cells, spreading laterally 
very little. Thus the decayed tissue may extend considerable distance 
in the timber and yet not exceeding oue-half or an inch in diameter. If 
ihe wound finally becomes closed and the air snpply cut off, all fungous 
growth is checked, if not fully arrested. 

Durabiliti/. — On account of its softness and natural durability, this 
wood has not been treated to any extent to preserve it for ties. The 
spikes do not hold in it as well as in some of the harder woods, yet it is 
very valuable for the above-mentioned traffic, and its use is on the in- 
crease. The rings do not separate as freely as those of the Yellow PinOi 
and the cutting down of the fibers is due largely to abrasiou; the spikes 
draw, and from the looseness of the rails, together with the sand and giit 
between them and the ties, the fibers are crushed by the i>assing of 
every train. Could the rails be kept tightly spiked, the cutting would 
not proceed so rapidly. For a trunk-line freight traffic the White Cedar 
tie is too soft for the present 65-pound rail with only a 4J- to 43-inch 
base. lu order to save the Chestnut ties for their curves, roads of light 
traffic are now commcnciug to replace these ou their tangents with 
Cedar. 

FUNGI. 
The species of fungi that attack this wood are but little known. In 
searching for them on the Boston and Maine Railroad, from Boston to 
Portland, I found specimens in fruit of only Agarious campanella, 
.Batsch , which has a tawny pubescence at the base, Agaricus melleus 
Vahl., has been said to attack this wood, but I have never been able to 
find it either on the prostrate trunks or ou the ties. 
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LOWGLEATED ott Ybllow PiNE, I'taus palugtris, Mill. No. 3S0, 

Tbe strikiug iippearniivu of tbo Ktiiictiire of this womi, as sceu iu tlid 
transverse sectiou,cousi3tsititlio strongly marked zones of differeut cells 
iueacli layer of growth. At tlio i)rescut time satisfactory distiuctivo 
names liavo not been given to tliese two classes of wood-cells or tracbejds- 
I shall una the term thin- aud thick-walled tracheids to distinguish tbeio. 
The former grow in tho first part of the season, and the latter during the 
sammer; but the line of demarkation between them is shar{>, not being 
a gratlnat mergiu j as ia most of the other Conifers. In some trees, each 
layeris made up of about equal portions of the thin- and thick-walled tra- 
cheids, though these layers may vary in thickness from one-thirty-second 
tooue-fourthof an inch; in other trees, the layer of thin-walled tracheids 
is the thickest, and, as a rule, such wood is of less siH-ciGc gravity than 
that with thicker layers. The size of tho wood-cells iu different individ- 
uals is not the same, and this feature also afiocts the specific gravity. 

In selecting a piece from which to make an ilhistrntiou to show au 
entire annual ring, we are obliged to take one of less than meilium 
thickness in order to get it on tho page. In a luxuriant growth a 
larger one might be selected which would show only one class of tra- 
cheids. Measurements &om these photomicrographs will give average 
rosalts for this wood. Tho largest of these walls measures .003 by .0025 
of au inch, with a lumen of .0025 by .002 of an inch; tho thick ones are 
.002 by .001 of an inch, with a lumen of .0000 by .0004. Many rows of 
cells of tbe same size are seen running parallel to the uiednllary rays, 
usually single, sometimes double, but rarely in threes. 

Tbe thick-walled tracheids are nearly quadrangular, and some of 
them tabular, and the same number of concentric rows occupy only 
about one-half as much in width of the ring as would tho same number 
of rows of thin-walled tracheids; tbe former give the hardness and 
great elasticity to tho wood. It has been generally stated that tho 
ihick-walled tracheids contain the most of the resinous matter; this 
applies only to the volume, as by weight 1 found that practically they 
contain equal amounts. The largo openings which inclose the tissue 
of tbe resin canals are prominent features in the transverse section of this 
wood. Smaller canals occur in the medullary rays, and if laey were 
wider they could be readily traced iu the illustration ; one appears in 
this photomicrograph. Tbe two systems of resin-canals are connected. 

The heavier lines of cells runniug up and down the page are the me- 
dullary rays with their canals ; arid, though numerous, the cells are not 
strong, the annual riugs of wood being quite easily separated from each 
other when under severe service, or in tho sun. Thick layers can bo 
readily separated with a knife, from sections ono-half to three fourths 
of an inch in width. Tho separation of tho thick- from the thin- walled 
tracheids in the same layer is far more difficult, the latter breaking off 
in short sections. 

The lenticular markings ou the tracheids are more abundant near the 
ends of the cells than in the center, and the appearance of swellings on 
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the v-atl» of tLu Hiuuller coll», paiullvl to the mudulliiry i^lates, iu dno 
to the cross- sectioii of the Icuticular luarkiogs. 

The wiilla of each cell are composed of three lajci's — au iuner oae, 
quit« thill and surrouudiug the lumen ; theu a thick one, and, lastly, a, 
thinner one, which is so delicate that between the adjacent cells it ap- 
pears aa one wall ; but, in eome woods, is known to consist of two dif- 
ferent layers for each cell and la believed to be so in all ; its division can 
be seen in the transverse section of the Tamarack.* 

In the radial sectiou the longitudinally arranged cells arc seen with 
their lenticular markings. It is generally stated that in the dnrameu 
the lamella between the domes of each one of these markings becomes 
broken, so that there is a free communication between tho cells ; this is 
not the case : tho delicate membrane is pushed over to one side in the di- 
rection of the exit of the sap, and may he found by tho highest grade 
of objectives. When it is covered with resinous products the passage of 
heavy fluids is much impeded and this is one of the leaaona why, with- 
out special treatment, it is so diflBcul t to secure the penetration of preserv- 
ing fluids in this wood. These cells cau be filled with any antiseptic 
(creosote combined with an oil, etc.), but it is a question of time, heat, 
and vacuum. 

The walls of the more ojten or larger cells are seen to be some dis- 
tance apart; the white space shows their cavities, with the lenticular 
markings appearing in the background as it were, or in this class of 
tracbeids in plains i)aral!el to those of the medullary rays. The dark 
upright bands shown iu the photomicrograph represent the thick walled 
tracheids. The lenticular markings in these are generally on the walls 
which lie in planes at right angles to those ofthe medullary rays and are 
much smaller in diameter. The lines crossing the page represent tho 
medullary rays, the upper one showing aresiu-duct in longitudinal sec- 
tion, the cells of which are very delicate. The marginal cells of the 
medullary rays are decidedly irregular, and are more or less serrated ; 
the center rays have two to four thin places opi>osite each cavity of the 
tracheids; but iu the transverse section, where the latter are in contact 
with the medullary raya, it can be seen that the inner and next lamella 
are not continuous ; the same feature occurs iu the Whit« Pino. 

In the tangential section are seen the openings of the medullary rays, 
which, except those inclosing the resin canals, are of single rows of 
cells, one to eight being superimposed one above the other in the bun- 
dles; the marginal cells are the darker spots above and below the cen- 
tral portion of each bundle. In these sections the lenticular markings 
are seen to be very abundant on the cell-walls. Tho interlacing of the 
tracheids is also well shown. On the right is seen an opening of a resin- 
canal in the medullary system. In the duramen the medullary cells 
are more or less filled with resinous products, which makes it difSealt 
to force fluids through these rays into the central portion of the stick ; 
and in the ground, too, tho moisture penetrates longitudinally much 

seclioD Larix Attterieana, p. 51, 
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TiiHtcr tliiiD iu au opposite direction tUrougii tlie meilullary rays. As 
before stated, tbe cells of the medullary rays are not strong ; iu all cases 
spiking the ties separates each layer longitudinally from three-fourths 
to oue inch on each side of the spike, aud in many ties tbe checks ex- 
tend much fiutber. 

DURABILITY AND FUHGI. 
Urdiuary Bpeclmens of Yellow Piuo contain from eighteeu to tweuty 
IMjr cent, of resinous matter, which is supposed to add much to the diir 
ability of tbe wood. But this does not seem to be tbe case when the 
wood is put iu the ground, or in the road-bed as ties. In such situa- 
taons it is rapidly destroyed by tbe fuugns Lentinus lepideus, Fr., au 
Agaric. 1 have found this so general over a groat extent of territory 
that I am iucliued to think it is a fungus peculiar to the heart-wood of 
this timber, e^puciully when the latter is iu exposed situations. I have 
found Trametes pini, Fr., ou dock-timbers a feiv times, but more often on 
ties. The mycelium of the latter is yellowish, a color that distinguishes 
it from the clear white mycelium of the former fungus. Long-continued 
warmth and moisture facilitates the growth of the mycelium o£ Lentinus 
lepideu8, and, consequently, rapid destruction of tbe wood. I have 
samples of Yellow Pine ties -from tbe Panama Bail way which were rot- 
ted in two years, while in tbo Southern States they last from four to six 
years; iu the Middle States, from five to eight years. Formerly the 
tirst Yellow Pine ties used on the New York railways lasted from ten to 
fourteen years. The reason given why the present ties do not last 
longer is that they are now made from timber of " tapped" trees. This, 
However, is not the sole reason, especially in roadbeds where Yellow 
Pine ties were formerly used, and where the mycelium of its injurious 
fungus remains from former decayed ties in the road bed and is ready 
lo attack the new summer-laid tics. The rational procedure from these 
observations would be, to replace the unsound ties by sucb of another 
wood as are not affected by the same fungus. 

When the Yellow Pine wood can be kept comparatively dry, it is very 
durable; this is shown by tbe ties not decaying quickly where tbe upper 
snrface remains dry, but still does not always indicate what has taken 
place on tbe inside or underneath. Upon raising the track, many un- 
soutkd ties are found, which on the surface did not indicate tbe presence 
of decay. In the vicinity of Albany, N. Y., Yellow Pine ties in cin- 
der ballast (from locomotives) arc rotted by their specific fungus much 
faster than they are in gravel ballast. As before stated, the layers of 
wood are checked' iu driving thespikes, and, moisture thus being ad- 
mitted, fermentation takes place and the layers separate under tbe 
rails, frequently throughout the entire length of the tie. The mycelium 
of Lentinus lepidexts oftes follows the checks, and the decay is thus 
hastened. 

tinder severe service it is not uncommon to see the euds of many ties 
of this wood Bidit and crushed, offering but little support to the rails, 
with the spikes loose. Tbo fermentation, which precedes the growth of 
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tbefaiigUH meutioued, softens tliu thin- wallei.1 tnujbuids first; tliUD ofleu 
larviE, from one-sixtoonth to oiic-ciglitli of »» incli in lengtb, boro 
tbroagb and through the softened cells, while the harder tissues are Icfb 
audestroyed nntil the decay is fiu-ther advauced ; and thus what seems 
to be a Bound tie from above, is but a scries of shells. Spliwria pili/era 
(Ft.) grows in great abundance on the sap-wood of Yellow Pino, discol- 
oring the wood with its dark threads. The abnudaiico of the perithecia' 
of this fungus on sawed lumber gives the surface a dark moldy ap- 
[>earance ; dryiug, however, chocks the growth, bat it is agaio set up 
as 800D as moisture and warmth arc present, aod, if the timber be still 
unaffected, these same coutUtions will be favoniblo to fermeutations and 
the consequent decomposition of the sap-wood. This is readily noticed 
in the floors of freight-cars, the sap-wood rotting in one or two years; 
thus it would seem advisable never to use sap-wood in siluatious where 
heat and moisture arc liable to occur. 

Preservation. — Creosote aud other antisoptics can bo miulo to peuo- 
trate the heart- wood ouly quite slowly, so that in many cases the result- 
ing treatment is rather superficial. A recent examination of several 
thousand cubic feet of timber of this wood, which had been creosoted, 
showed this to be the case, a superficial exterior protection only. In 
several places the fungus Trametes pini (Fr.) was growing on the wood 
as though it had not beoa treated, the mycelium having dcveIoi>ed 
under the superficial coating. In this case the treatment was too short, 
resulting in a iieuetration only of oiie-eighth to tbree-sixteeuths of an 
inch in depth. I have examined many ties treated with creosote, whoro 
the penetratiou was ample to protect them, showing that the treatmeut 
can be snch as to thoroughly impregnate them, but it is a matter of time 
and pressure. I have also examined many of the so-called "vulcanized" 
ties, which, after three years of service, did not show any decay. It may 
be, however, tbat seasoning of the ties of this wood is, on the whole, 
a matter of first importance to iusuro longer life. 

Hemlock, Tsuga Canadensis, Carriore. No. 387. 

This wood, once very abnndant, and still covering a large tract of 
country, has beeu extensively used for ties, and will of necessity be sub- 
stituted for other woods which arc now becoming scarce. Professor 
Sargent,! gives its distribution as follows : 

"Novu Scotia, Suatkorn New ItriiiiHnii'k, viilloy of tbo Suiut Lawr<!UDO River to lUe 
tihures of LakoTcmiBcaiuiug, sontliwoHt lo tlio wextoin border of Nortlieru Wiscousin ; 
aonth tlirough tlio Nurl.lioru States to How Castio County, Delaware, Southeast«ru 
HicbjgaD, Central Wiscousiu, and aloDg tlie Allcgliany Muoutaitia to Cluar Creek 
Falls, Winston County, Alabama (Molir.}." 

The photomicrograph of the transverse section indicates that the 
wood is soft, thougli harder than that of the White Cedar. The zone 
of thick-walled tracheids in the outer portion usually forms from one- 
fifth to one fourth of the ring; where the two elassesof cells join in the 

•Beak-like proWilioraiiooa coutaiiiins spores. 

t " Forest Trees of Nortli Amoriea," Vol. IX. of Tontli Census Report, 1880. 
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same ring there is a gradaal merging and not a sharp line of demarca- 
tion, as in the Tellow Pine (Pinui palustrig) or in the Tamarack (Larix 
Americana). The thick-walled cells in this wood are of a different char- 
acter from those of the two woods just mentioned; the cells are not as 
strong, the Inmen being proportionately larger. The thin-walled tra- 
«heid8, thongh not so large as those of the Yellow Pine, are generally 
qoardrangular, and have the same proportionately large lumen, and the 
comers of the cells not being thickened they are crushed more easily. 
Like the thin walled ones of the Yellow Fine, both classes of traoheids 
are "brash," and in breaking snap off quite »hort. So far as I have 
observed, the so-called "Tellow Hemlock" has a greater proportion of 
thick- walled tracheids in each layer than the "White Hemlock." 

The lines running down the page represent the medullary rays, and 
occur only in lines of cells of single width. The absence of resin-canals 
in this wood is in marked contrast to the Tellow Piae or Tamarack. 

In the Wliite Cedar the dark and apparently solid cells shown in 
the transverse section are those of the longitudinally- arranged special 
resin-cells ; ■ but none of those have as yet been found in the Hemlock, 
the resinous matter ia this wood being much less abundant than in the 
other Conifers considered. In the transverse section what appears as 
small cells are those cut off near their tapering ends, and the swelling 
of the walls on the side in a plane parallel to that of the medullary 
rays is doe to the cross-section of the lenticular markings ; in the 
radial section these will be seen to be smaller and rounder than those 
of Yellow Pine or Tamarack, but larger than those of the Wliite Cedar. 
For a long time it has been the opioion that in the mature cell there Is 
a free opening in the lenticular markings, the middle lamella breaking 
away. This is not found to be the case when examined with the high- 
est grade of objectives. In the large cells the lamella becomes crowded 
to the opening of the dome on the side where the sap is making its exit, 
and must be looked for with great care, while in some of the thick, 
walled cells it retains its central position and in readily seen. In the 
radial section the structure of the longitudinally-arranged cells is 
clearly shown, the harder, dense portion of the ring being seen on the 
left of the page. The lines running across the page represent the med- 
ollary rays. Above the upper row are seen the ends of the tracheids 
slightly rising as they approach the outer portion of the ring. 

In the tangential section the ends of the medullary rays are seen to 
be iu single rows, the cells being superimposed one above the other. 
In a few instances only a single cell occurs, while in others there are 
two, three, and as many as twenty. These cells, as seen in the radial 
section, are short and easily parted, liot binding the wood together 
firmly, as in the White Oak. The lenticular openings are abundant on 
the cell-walls parallel to the medullary plates. 

Durability. — The Hemlock is not a durable wood in contact with the 
ground, and ties decay in about four years. The structure of the wood 
217B3— Bull. No. 1 1 I 
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readily admits of treatment by antiseptics, Ijut it must be tborougtily 
done; such a troDtmeut tliat practically will keep every fiber of tlic 
wood dry ; or, if not thns protected, the autiseptic must bo of sufBcieut 
Btrengtb to prevent any fermentation from being set np. A portion of 
the wood left unprotected and put in the ground would still be liablo 
to attacks, aud decay would soon follow in otber parts. Mere exterior 
protection is one of the best ways to start internal decay, the so called 
"dry-rot," as timber does not decay unless moisture is present. We 
have an abundance of proof that Hemlock ties well treated will last 
for fifteen or twenty years. I have a piece of -Hemloct wood which 
was "Eyanized" in 1847, and has been in the ground until this year, 
1886, and is generally sound. The experience of railroad companies 
in using treated Hemlock ties is so extended in this country that the 
efficacy of such a plan no longer admits of doubt as to its practicabil- 
ity or expediency. On the Chicago, Kock Island and Pacific Railroad 
some "Bnrnettized" Hemlock and Tamarack ties were put in the road- 
bed in 1866, and iu 1882, after sixteen years of service under heavy 
traffic near Chicago, about 75 per cent, of them were still in the track, 
and the rails not cutting into them any more than they woald into 
White Oak ties. Several other roads have had similar results. Since 
1881 the Eastern Bailroad, of Massachusetts, has "Eyanized" (by a 
simple bath in a 1-per cent, solution of an antiseptic) many thousand 
Hemlock ties, at a reported cost of 11 to 13 cents per tie, and they are 
employing the process at the present time. Treating Hemlock by either 
of the processes mentioned hardens the fiber of the wood. Effective 
creosoting preserves the timber, but does not harden the fiber as do 
other treatments. Charring the exterior of Hemlock, as is done for 
some woods in France, would be but a partial protection, as fermenta- 
tion might still take place internally.* 

PUMGI. 

The fungi that attact this wood are numerous, and the following is a 
list of those so far observed ; 

Agaricus melem, Vahl. Poli/porus lueiduSf Fr. 

Agaricus caiapajiella, Batsch. Pohjporus benzoinus, Fr. 

Agaricua porrigcns, Pers. Polyporus epileuous, Fr. 

Agariciis succosus, Pk. Folyporus Vaillantii, Fr. 

Agaricus rugosodiseus, Pk. Folyporus subacidus, Pk. 

Agarieut epipterygius, Scop. Polyporus medullapanis, Fr. 

Paxillws atrotomentosus, Fr. Polyporus pincola, Fr. 

Lemites sepearia, Fr. Polyporus abietinm, Fr. 

Stereum radiatu7n, Pk. Polyporus borealie, Fr. 

•Since writiog tho .ibove I havo obtained apLeceofoneof the tics "Kyanized" by 
the Eastern Railroad Company, put down in 1881 and taken up in the fall of 1866 j 
it ia perfectly sound, and, while under verj heavy traffic, the wood ia not cot into 
over three eightliB of an inch under the rail. 
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Tamarack, Larix Americana, Michx. Ko. 401. 

The photomicrograph of the traosrerse section shows a zone of hard, 
dense, nearly solid tracheids, which form from one-sixth to one third of 
the annnal ring, and, like those of Pinua palustris, have a sharp line of 
demarcation where the two classes join in the ring. These two species 
of trees attain their greatest development in opposite portiona of the 
conntry: the Tamarack in the North, and thO Yellow Pine in the 
South. The resin-canals in the former are confined to the zone of 
thick-walled tracheids, and are usually near the outer portion of the 
ring. The cells which form the exterior portion of the canal are much 
thicker and firmer than those in Pinug palustria, and the area of the 
canal is also much less. Generally two canals are in close proximity, 
but without any apparent connection. 

The thin-walled tracheids in different trees vary somewhat in size, 
ranging from 0.002S of an inch to 0.002 of an inch iu diameter in a ra. 
dial direction, and from 0.002 to 0.0015 of an inch in a longitudinal 
direction. The lumen raeMUres from 0.001 of an inch to 0.0013 of an 
inch the walls being much thicker than those of some other woods, 
a feature which gives this wood greater wearing qualities. 

In many parts of the transverse section the division between the la- 
metlEB joining the cells can be seen, something that cannot be made out 
in any of the other Conifers. The medullary rays are quite nnmerons 
and of considerable size, showing their cavity quite clearly with this 
magnifying power. The lenticular markings on the cells are moat 
abundant near the ends, and less frequent in the middle, and the swell- 
ing of many of the walls parallel to the medullary rays is due to the 
cross-section of such markings. This peculiarity of the markings is 
also seen in the radial section. 

In the radial section the lines crossing the page represent the medul- 
lary rays, the walls of which are very thick and strong, the thin places 
in them being very small, in the central ray ia seen a longitudinal sec- 
tion of one of the resin-canals of the medullary system. In the tangen- 
tial section the medullary rays are seen to be cells arranged in single 
rows, usually from sis to eighteen cells superimpoaed one above the 
other, except in those rays inclosing a resin-canal. The thickness of 
the walls is very apparent, and of great importance in preventing decay. 

The quality of the wood of this tree is such that it deserves to be 
more widely tuowu and more extensively used for ties than it has been ; 
yet where its growth is abundant adjacent to their lines, a few railroad 
oompanies have employed it for ties. But it was only in a few locali- 
ties where the timber was thus situated, that these ties were found 
recently put in. Each annual ring has a zone of hard, denae tracheids, 
which render it capable of sustaining the heaviest freight traffic; its 
durability, too, is another feature of great importance. 

Presertalion and Fangi.— This wood is easily treated with antiseptics 
to prevent decay, especially with sulphate or acetate of iron ; and ties 
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80 treated have lasted over thirty years under heavy traffic. These ties 
were originally 9 feet long, haviog been move<l under the rails three 
times, and were destroyed only by contlnaed spilling. The sap-wood 
did not show evidence of decay exceeding one-eighth of bd inch in 
depth ; while the wood within was sound and bright. Untreated Tama- 
rack ties last ftom five to eight years. 

The decay was not uniform ; in most cases it was from the outside in- 
ward, the sap-wood being destroyed first; in others the decay was from 
the bottom upward. Unfortonately, however, these observations are 
somewhat incomplete, as the history of the ties could not be satisfac- 
torily traced. 

The fungi which grow on this wood are Polyporus pinicola, Fr,, and 
Polyporus abietinvs, Fr. 

Western Laech, Iiarix oceidmtalis, Nuttall. Ko. 402. 

The photomicrograph of the transverse section shows this to be a 
much harder and more dense wood than that of the preceding species ; 
the thin tracheids are larger and nearly rectangular, the largest of them 
measuring .0025 of an inch, with a lumen .002 x .002 of an inch, the 
walls of which are comparatively thick. 

The decidedly tabular thick-walled tracheids measure .002 x .0013 of 
an inch, the Inmen being very small, in many cases only a trace of a 
cavity; and, comparatively speaking, the thick-walled cells comprise a 
greater number of rows than the thin- walled ones, a feature which gives 
to this wood increased hardness, strength, and elasticity over the pre- 
ceding species. The line of demarcation between the two classes of 
tracheids in the same layer is distinct and sharp. 

The number and form of the resin-canals is quite similar to those of 
the common Tamarack. In the radial section the lenticular markings 
are not so frequent ; generally but one row is found on tlie ^ide of the 
thin-walled tracheids, where, in the preceding species, tliere are com- 
monly two rows. The medullary rays are in broad bands, with a struct- 
ure almost identical with that of the Tamarack. In the tangential sec- 
tion the medullary rays are in single rows, except when inclosing a 
resia-canalj but the cells are larger and more conspicuous than in the 
preceding species. 

Table I. — Comparative average number of Jiberg in a gquai'e of leood riir of an inch on a 

side, or TDu uu "/ '^ "'■^ "/" tqitare inch. 
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Tho above figures would vary, to some extent, for different speci- 
mens, bat they give an approximate idea of the minateness of the oel- 
Inlar atnictare, and are thns very instmctive. 
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For the analysis of the thin- and thicli-walled tracheids the wood was 
well air-seasoned; theywerethenBeparatedieachclaas weighed, and dried 
at 100° C. The loss of water and volatile hydrocarbons for the thiok- 
walled tracheids was 10.48 per cent., andfor the thin-walled, 11.38 per cent. 
Both were next treated with ether to extract the resinous matter, the 
thick-walled cells yielding 19.59 per cent., and the thin ones, 20.97 per 
cent. The tracheids were then burned in oxygen, giving the respective 
resolts as previously stated. Contrary to what was hoped, the percent- 
ages do not explain or throw much light on the difference in physical 
properties of the two classes of tracheids. 

Table IV. — Longitudinal criuhing Strength in UilaHon to Speeijio Oravitg, 
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Tests upon the crashing strength (teDsile and transTerse) of different 
BpecimeDS of the same species of wood show that there in a qaite con- 
stant ratio between each and the specific gravity, thna agreeing with 
what has been stated as to the presence or absence of certain dense 
cells in the microscopical structure of the layers. So that one who is 
skilled, with the aid of amiscroacope, can make a very close estimate of 
the comparative snitability of dififerent pieces of wood for definite par- 
poses. As a case in point, a railroad company, doing a heavy ireight 
business, being able to bay cedar ties for one-third the cost of oak, for 
this reason pnt them down, bat only to find that after they had injured 
one set of rails these ties were too soft for their heavy traffic. A mi. 
crosqopical examination of the timber would have enabled one to predict 
what the result would be and to save the expensive trial. 

Table IV. shows the ratios between the longitudinal crashing strength 
and the Bpecific gravity of the woods under consideration. The ratios 
are obtained by dividing the crashing weight per square inch by the 
specific gravity, which gives a ratio representing the crashing weight 
of a square inch having a specific gravity of one. The average for 
White Oak, as given in the table, is 9,923 pounds, which for practical 
purposes might be called 10,000 pounds. If we compare oak grown 
south of the fortieth parallel, the result will be 10 per cent higher. 

Having another piece of oak, the specific gravity of which is 0.6578, 
and wishing to know its approximate crushing weight, we obtain it by 
multiplying its specific gravity by 10,000, which gives 6,578 pounds. 
The same method applies to other woods. 

Comparing one wood with another, taking White Oak as unity, the 
comparative crushing strength of Cbestnnt is 1.3 per unit of specific 
gravity; White Cedar, 1.07 ; Yellow Pine, 1.25; Hemlock, 1.3; West- 
ern Larch, 1.55; Tamarack, 1.38, The crushing strength given in 
the table is for blocks eight diameters in length. For larger ones the 
strength would be less. In using them a factor of safety must be 
adopted moat suitable for the work. The table gives data which, to a 
great extent, can be used to determine the proper size of columns of one 
wood to be substituted for another, by giving the proper dimensions and 
retaining approximately the same factor of safety, a matter which has 
been neglected in too many cases. 

Table V. — Bteialance to iKdentation.' 
[Pressare in poandg per aqnaro inch tor indentatlonB of one twentj-flftii ot inoh.l 
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These tests were made apon small pieces of wood, aboot 1^ inches in 
width. It is difficult to combipe them so as to represent the proiier re- 
lations of the layers of wood in a tie. These tests were also made npon 
dry wood. Made apou actaal ties, containing the same percentage of 
moisture as those in the ballast, the results wonld be modified ; Cbestnnt 
would not show so high, and Cedar wonld be reduced but little; Hem- 
lock woald be lower, as also the Yellow Pine; and after three years' 
decay the results would be still further modified. The Hemlock would 
sfaow marked depreciation, also the Yellow Piue; the Cedar wonld be 
quite nniform, while the Oak and Chestnut would show some reduction. 

Ipjxperience shows that, with the exception of White Cedar, if the 
fibers can be protected from becoming softened, they are sufficiently 
bard to sustain from twice to three times as much traffic as they do when 
uutreated. 

Ziength and size of ties. — For a 4-foot 8J-incb guage the majority of 
railroads use a tie 8 feet long ; some 8^ feet long, and a few 9 feet. 

Specifications call for a 6-, 7-, and 8-iuch face for the fiatted ties; and 
gome roads call for joint-ties with a XO-iuch face. In depth the dimen- 
sions vary from 6 to 7 inches. The Chestnut ties now being bought are 
required to be 7 inches deep. A few roads use Cedar ties only 6 inches 
deep, but most of the recent ones are 7 inches. With Chestnut and 
Cedar ties this is perhaps advisable, but with other woods, owing to the 
manner of decay, it is doobtful whether anything is gained. 

Most of the Yellow Pine ties which reach the North are rectangular 
and uniform in size. The New York Central and Hudson Biver Bail- 
road Company use a tie 9^ by 6J inches and 8 feet long ; sixteen of these 
are put under a 30-foot rail, making the space between each one narrow 
for tamping such deep ties, and requiring more time and care to do the 
work. Bat of course the track remains very firm after it is pot up. 

EECAPITUIiATIOM. 

Ikstruction of ties. — Bailroad ties iu service are injured, destroyed, 
and rendered unserviceable by three principal causes : 

(1) Mechanical disintegration of the layers, and the abrasion of the 
fibers under the rails. 

(2) Ii\jury to the wood by spiking and respiking. 

(3) General decay of the wood, induced by fungi. 

In regard to the first cause, extensive examinations show that there 
is more or less up-and-down movement of the rails under all passing 
trains. This is true to some extent of tracks laid with even the heaviest 
and stiffest rails that are nsed at the present time, but the undulatioa 
of sach tracks is greatly reduced. 
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Figure 1 is intended to represent the general appearance of tlie nn- 
dulations in tlie surface of the raits as they take place under the wheels 
of passing trains. The lighter the rail and lower the standard of tra^ 
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maintaiaed, the greater theae nodalations become. After they have 
taken place, and hare been allowed to continue, the rails soon acquire 
a permanent set, and are found to be like those represented in Ko. 2, 
If the labor is inadequate to maintain the track under the service, the 
rails soon take the form shown in No. 3, which will be recognized as 
being a common type of a permanent set in rails, thoagh rapidly disap- 
pearing in the best maintained tracks. 

In both the latter forms the rails will be foand loose on the ties under 
the spikes, and are pressed down by every pair of wheels that passes 
them. The ties not only have to sustain the load upon the wheels, but 
also to receive the dynamic shock of the falling rail and load ; and, as 
a consequence, there is a very rapid abrasion of the ties and a cbaflng- 
oat of the throat of the spikes. The softer the wood the faster will be 
the cutting. 

The inspection of thousands of miles of railroad track each year has 
given me excellent opportauities of studying this phase of tie-destruc- 
tion. The sections of many of the steel rails which are in the tracks 
are too light for the present traffic, and must soon be worn oat, and the 
ties are cut down with great rapidity. The section of our rails are being 
made heaviw, bat not as much with reference to stiffness as is desirable. 
So far as I know, the stiffest section in proportion to the weight of auy 
rait yet used, is the 80-pound section, designed and now used by the 
New York Central and Hudson Biver Bailroad Company, and under 
heavy traffic it shows a decided advantage over the lighter and weaker 
sections. 

It will be unnecessary to remark upon the other two statements, as 
they have already been sufficiently considered. 

ADHESION OF SPIKES IN TIES OP TABIOUS WOODS. 

In the following experiments the White Oak and Chestuat ties used 
were taken from the Boston and Albany BaUroad track, near Allstoo, 
Mass. The Cedar tie was green, having been cat in the spring, and the 
tests were made on it in August. It had not been in service, uor had 
the Yellow Fine or Hemlock. The Oak tie and one of the Chestnut ties 
had been in the track only two years and three months, and tbey were 
of good sound second-growth timber. The other Chestnut tie had been 
in service four years and three months. The results obtained from these 
experimeuts are of far more practical value than if &om new ties. 

Maj. V. H, Parker, commanding ofBcer of the Watertown Arsenal, 
kindly allowed thetesting-machine to be used to make the tests, which 
were conducted by Mr. James Howard, C. E,, in charge of the machine, 
a &ot of itself guaranteeing the care used in making the experiments. 
The Boston and Albany BaUroad Company mnt Mr. John Twigg, an 
experienced spiker, to drive the spikes in the ties, the conditions of 
every-day practice being maintained as nearly as possible. When the 
ties were taken oqt of the track a spike was left in each end, as origin- 
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ally driveD, and great care was taken not to disturb them in removiiiir 
the ties from the track. This gave an opportuaity of seeing Whether 
the adhesion increased or decreased by age of service. 

After the spikes were drawn tlie ties were cut into blocks and split, 
exposing the spike so aa to show the injury to the wood-fibers, which is 
very marked in all cases. A blunt or poorly pointed spike driven into 
the White Cedar broke the wood down iu masses, ao as to reduce the 
adhesion of the spike from 40 to 50 per cent, from that obtained with a 
sharp-pointed spike ; the latter did not break down but cut through the 
fibers. In most woods driving the spike checks the fibers for some dis- 
tance on either side of the spike. In oak the adhesion was increased 
40 to 50 per cent, by boring a ^-inch hole for a y\-inch sqnare spike. 
The experiments show conclusively that tKe same kind of spike is not 
the most suitable for all woods. 

Tablu VI.—AdheHoH ofSpikti in Ties. 
[Cheatnnt tlo in service two years and three months under T2-ponnd rail 4] incbea high.] 
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■ Table VI.—Aihe*to» of Spike* in Il«— Continned. 
lYellowPlDe, 4by8iacbea; oatln Klntarof ISU.] 
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Tlie table giving tlie adhesion of' spikes shows some important 
features, a part of which will be new to the general railway public. 

In Chestnut of second-growth the tension necessary to start an ordi. 
nary ^^^inch 8<iuare spike, 5^ inches long, and driven home upon a rail, 
ranges from 3,000 to 3,600 pounds. After being drawn one-half an inch, 
the adhesion is diuiinisbed to ouly about two-thirds of these amonnts, and 
at 1 inch is reduced to about one-half. This is of great importance when 
blocking up the track iu winter, as a spike slightly redrawn will still 
hold. 

A spike redrlven iu an old hole holds about 50 per cent, of the amount 
that it will when first driven, unless the ties have been in service over 
three years. In the test of the second Chestnut tie it will be noticed 
that the adhesion of the spike has decreased with the length of the 
service. 

Esperiment No. 8 shows that the adhesion of a spike driven into 
wood under the rails, after fermentation had taken place, is much de- 
creased, as might be expected.* 

In Yellow Pine the resinous matter forced out ofthe fibers by the com- 
pression produced in driving the spike lubricates the latter so that the 
adhesion is not as great as it should be according to the specific gravity 
of the wood; and after the spike is started the adhesion decreases rap- 
idly. This teature has been noticed when the rails are raised up on 
thick shims, the spikes holding but little in the ties, and being easily 
displaced. 

The fibers ofthe wood are broken and bent down, so that they do not 
close np tightly to the body of the spike, as in Chestnut and Oak ties. 



* Seo Figs. 1 and 2, p. 61. 
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lUxperiiaetits 14, 15, aud IC sliow tbo results of boriug holes for tbe 
Bpikea. Tbe^inch bole seemed too large; tbe i^^mch bole showed an 
improvemeat } while the g-inch one gave the best resnlts. 

Expenments 17 to 19, ioclosive, are instructive, and correspond to 
spikes driven into dry bridge ties ; showing also tbe increased adhesion 
gained by driving spikes tangentially to tbe layers of wood ; . of course, 
ties ballasted wonld not be as dry as this timber. 



Vtg. L OroM-seoUonaf aUeilifnriiigtlieeffectof BpHElDg; 



Jtig. 2. Longitodiiud aectiOD of » portion al ft tic dbowinK the efi^ct of driving ■ eplke. 

Wbite Cedar gives the most irregular resalta. Ko. 23 is good, and 
probably above the average results ; Ko. 26 was in tbe same tie, but the 
spike was blaut; and tore the wood, leaving but little Id front and back 
of the spike; such results are common in practice. Kos. 23 and 21 show 
the improvement over N^o. 26 gained by boring holes; the adhesion was 
increased aa the spike was drawn out at a .fferent lengths. 

The White Oak tie holds s epikefirmly, not giving up its hold rapidly 
as it is drawn out Boring boles increases the adhesion* and materially 
lessena the checking of the layers and injury to the wood-fibers. 

* 8e« ezperunenti So. 30 and 33, p, 69. 
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III the bests of the Ueinlock tie tbe spikes were driven tangentinlly 
to tii« layers of wood, and at the start the adhesion ranged from 3,2S0 
to 3,690 poaods, but when drawn one-fonrth of an inch decreased nearly 
one-htilf. The fibers were too mnch injared to cover and press the spike 
firmly. Boring holes increased the resistance, as shown when the spike 
was drawn out to Tarioos lengths, the fibers not being injnred so much. 



NOTE ON Ar>HESION OF SPIKES. 
By B. E. Febhow. 

More extensive esperiments on the adhesion of spikes were recently 
published in the "Organ fiir das gesammte EiseobahnweseD." The 
writer comes to the conclusion that by boring holes for the spikes not 
only is there effected a saving of probably 50 per cent, iu spikes, but also 
a large saviog in ties, especially in oak ties, in which, by driving the 
spikes, the tendency to check is aggravated more than in pine. As Bet 
forth in the above report, spiking breaks down the fibers around the 
spikes, thus inducing earlier decay and at the very places where most 
resistance is required ; and frequent respiking wears out the tie me- 
chanically sooner than in any other way; the bending, too, of the 
spikes when driven, increases these evils. Unless snch mechanical wear 
is connteracted, it becomes doubtful whether impregnating ties can be 
considered the right economy. 

In these esperiments 170 ties, laid down as they came, were bored 
on one rail-side, and not on the other; tbe driving of spikes was then 
done as in practice. After having started the spike (with a regular 
spike-puller) to 1 inch, a grapple connected with a balance was attached 
to the rail and weights added to the balance until tbe rails suddenly gave 
way; the grapple drawing perpendicularly, and all other forces being 
ingeniously connterbalanoad, the adhesion alone was determined. 

Boring-bits of different sizes were used, and the holes were made i 
and 5 inches deep. The conclnsions arrived at are recorded as follows ; 

(1) Adhesion difi'ers greatly in ties of the same kind, as well as in the 
same tie. 

(2) Even the four spikes in each tie show considerable difference of 
adhesion. 

(3) Adhesion is sometimes greater with the inner, sometimes with 
the outer spikes; sometimes when holes are bored, sometimes when 
not; sometimes in holes of a larger, sometimes in those of a smaller 
diameter. 

From all of which it appears that generahzatiou oo a small number 
of experiments can be done only with caution. Not only the boring, 
but also the quality and kind of tie, the seasoning, the temperature and 
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weather ingeQeral, tlieplsices into wbiclitbe spikes are driven, whether 
driven more into the Leart-woo<l or into the Bap-wood ; the closeness, 
too, of the contact with the foot of the rail i-equires consideration in 
determiaiug the adhesion of the spike for practical purposes. Yet, from 
the average results represented in the seven tables, the following im- 
portant coDclQstons can be drawn : 

A. Fob Oak. 

{ 1) In ties with good, tough, dense fibers the adhesion was found to be 
greater whea holes of ^g or even ^ an inch wore bored than when this 
was not done. 

(2) la quickly-grown oak ties the reverse was the case, but the dif- 
ference was insignificant (—67.2) j and as such ties split and check more 
easily, boring of these also must be considered advantageous. 

(3) The friction doe to presence of water in the tie (influence of the 
weather) exerts greater resistance to displacement than the friction of 
the spikes against the rails. 

(i) In a f -inch bole the average adhesion was slightly less than when 
the ties were not bored ( — 2i). 

(5) Only in holes of small diameter was the average adhesion less 
than when not bored, while with an increase of the diameter of the 
hole the adhesion increased {—136 : +113.8 : +144). 

(6) The most favorable resnits were given by a /j-iuch hole (1 : 35.4), 
The largest-sized hole gave not much less favorable results (1 : 31.8). 

(7) If the common four-cornered wedge-pointed spike is to be used 
in nuimpregnated oak ties, it is best to use a boring.bit of the same 
size as the spike. 

(8) The resnits of experiments with 200 spikes on 50 ties would 
allow the conclusion that new oak ties, nuimpregnated, and with 
square, wedge-pointed spikes, show the same average adhesion whether 
bore^ or not; though the IJoring is recommended, nevertheless, for 
other advantages. 

These results would probably have a like bearing for impregnated 
ties. 

B. For Pine. 

(Probably for other coniforoos woods and Chestnut.) 

(1) By using a boring-bit from .^^ inch in size upward, the adhesion 
was increased ; the best resolts were given by a f -inch hole (1 : 13.5) ; 
and a /j-ineh hole was not much less favorable (1 : 10.5). 

(2) When the hole was increased to 5 inches iu depth there was a 
decrease of adhesion, though only insignificant. 

(3) In pine ties the place where the spike is driven is of greater im- 
portance than in hard-wood ties, the adhesion diminishing according 
as the spike has more hold in the sap-wood thau in the heart- wood. 
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(4) Experiments with 400 spikes on 90 ties allow the concloBioD that 
boring increases the adhesion, especially when the hit ased is of the 
same size as the spike. 

The following is a r€Bum6 of the tables, giving the results of experi- 
ments : 

Table I.—BMngarian Oak ; dry inhtn the »pikes teere drawn. 

Bore, i^ioch diameter; pounds to draw spike 3,624.0 

No hole bored ; pounds to draw spike .--• 3,091.2 

Avorago .- 3,657, 6 

Difference, —66.8; diff. : aver. :: 1 r&4.4. 

Taiiu; II. — Same Oak ; wet tnlien gpikea mere drawn. 

Bore, liDcbdioEuitor; pounds to draw spike 4,399.2 

No hole bored; ponitds to draw spike 4,423.2 

Average 4,411.2 

Difference, -84.0 ; diff. : aver. :: 1 ; l(i3.B. 

Table III. — SiUtian Oak; tcet lehett ainket were draw*. 

Bore, J inch diameter; pounds to draw spike 4,104.0 

No bole bored ; poauds todraw spike 4,240.8 

Average 4,172.4 

Difference, -136.8; diff. : aver. :: 1 : 30.5. 

Bore, 1^ iocb diameter; pounds to draw spike • . ■ 4,044.0 

No hole bored ; pounds to draw spike 3,931.3 

Average 3.987.6 

Difference, +112.8 ; diff. : aver. :: 1 : 35.4. 

Bore, >t inch diameter; poaods to draw spike 4,648. 8 

No hole bored; pounds to draw spike . .. . 4,504. 8 

Average 4,576.6 

Difference, +144 ; diff. : aver. :: 1 : 31.8. 

Table IV.— Piw; \mpregiialoH; dry. 

Bore, VV'ich diameter; pounds to draw spike 1,876.8 

No hole bored; ponnds to draw spike 2,197.2 

Average 2,026.0 

Difference, —302.4 ; diff. : aver. :: 1 : 6.7. 

Bore, finch diameter; pounds to draw spike 1,843.2 

No hole bored; pounds to draw spike 1,711.2 

Average 1,777.2 

Difference, +111; diff. : aver. :: 1 : 13. 5. 

Bore, -^ inch diameter; pounds to draw spike 2,054.4 

No hole bored; ponnds to draw spike ,. 1,867.2 

Average .-, 1,960.8 

Difference, +187.2 ; diff. : aver. :: 1 : 10.5. 

Tabls v.— Pine; not impregnated ; dry. 

Bore, ^ inch diameter; ponnds to draw spike 1,696.3 

No hole bored; pounds to draiy spike 1,572.0 

Average 1,634.4 

Difference, +124. B ; diff. : aver. :: 1 : 13.7. 
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Bore, I inch diameter; poanda to draw spike 1,M5.6 

No bole bored; pouuds to draw apike. .. 1,615.2 

Average 1,5510,4 

Differeuco, — G9.C; diff.: aver.:: 1: 22.7, 

Bore, iVinch diameter; [lonnda to draw spike 1,593.6 

!No hole bored ; pouuds to draw spike 1,646.4 

Average 1,620.0 

Difference, —52.8 ; diff. ! aver. :: 1 : 30.7. 

Bore, 1^^ inch diameter (withoat rail); ponods to draw spike 1,737.6 

No hole bored {witboot rail); ponnda to draw spike '. 1,802.4 

Average 1,770.0 

Difference, —64.8; diff.: aver.:: 1: 27.4. 

(Table VI.— B<ecft.)' 

Tab LB V 11. — Pine; impregnated; w:et; depth o/hole bored, 5 inches. 

Bore, f iuch diameter; ponnds to draw spike 1,715,7 

No hole bored; pounds to draw apike 3,028.6 

Average 1,872,2 

Difference, -312.9; diff.: aver.:: 1: 5.98. 

{Not bored and witliont rail; pounds to draw spike 1,772.4) 

Bore I'V inch diameter ; ponnds to draw spike 1,673.7 

No bole bored ; poniida to draw apike 1,911.0 

Average , 1,793.4 

Difference, -237.3 ; diff, : aver. :: 1 : 78. 

(Not bored and witbont rails; pounda to draw spike 1,629,6) 

Bore, i inch diameter; ponnda todiavr spike 1,785.0 

No hole bored; pounds to draw spike l,Bli.d 

Average ". 1,805.0 

Difference, -39.9; diff.: aver.:: 1: 45.2, 
(Not bored and witbont rail; pounda to draw apike 2,053.8) 

* The results obtained from eKpericDents with lieecb ties were nusatisfactory and 
not of snfficient value to bo introduced. 
21753— Bnll. No. ] 
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Appendix 2. 
WOOD PRESERVATION." 



By Henry Flad, C. E., Saint Louis, Mo. 



Wood is made uji of small fibers, the various forms of which cousti- 
tote its cell -structure. Air occupies the cells nut filled with sap. 

The woody fiber in all tinds of wood is coroposed of the same ele- 
ments, and in nearly the same proportions. It consists of 52.4 parts of 
carbon, 5.7 parts of hydrogen, and 41.9 parts of oxygen. 

Differences in the strength of timber are due to differences in struct- 
nre, or in the form and disposition of the fibers. The specific gravity 
of the fiber is about 1.5. 

The aap consists mainly of water, and of the so-called extracti%'e sub- 
stances, such as vegetable glae, gum, gallic acid, coloring matter, sugar, 
albumen, etc. Besides these substances, which are found in greater or 
smaller quantities in almost every kind of sap, that of some kiuds of 
wood contains special ingredients; oak contains tannin, the coniferous 
woods contain resiu, essential oils, etc. 

The quantity of sap contained in wood varies considerably in differ- 
ent kinds and at different seasons of the y€ar. Freshly cat wood con- 
tains from 18 per cent, of sap (in Hornbeam) to 52 per cent, (in Black 
Poplar). The variation of sap at different seasons is illustrated by the 
observation that ash, cut in January, was found to contain 29 per cent, 
of sap, and 39 per cent, when cut in April. 

When wood is thoroughly airdried it stiU contains from 16 to 20 i>er 
cent, of water, and when air-dried wood is exposed for a time to a tem- 

"In thia paper notes sigued with the initials H. C. are to be credited to Mr. Howard 
Constable, C. E,, of New York city, who Lad kindly prepared a separate paper on 
tbe same subject, bnt to avoid nnnecesaarj repelitionH, his paper has been divided 
and nsed as foot-notes along with this Report. 
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perature of 277° P., tlie quantity of water is rednced to i or J of what 
was left in the air-dried wood, 

NOTB. — The following table exhibits tbe weight of 1 cubic foot eaeb of different 
kinds of air-diied wood and tlie space in a ciibiG foot, oc 1,7^ cubic inches, of air- 
dried wood occnpied respectiyely by fiber, sap, and air, aasDming the specific gravity 
of fiber at 1.5. 
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The weight of water pet cubic foot, as giveuin the third colnmnof the above table, 
and tbe weight of fiber per cubic foot of lamber In tbe fourth colu ma, merecalcnlated 
from the obtierved percentile of water coutaiued in the wood, ae given iu the second 
colamn. 

In air-dried wood from oue-thirtl to nearly two-tbirds of the volame is occupied by 
air, which might be replaced with some liquid if tbe air were lemoved, or partly 
Eenlooedif the air were compressed. [Knapp's "Technology."] 

DEOAT OP WOOD. 

The woody fiber by itself does not seem liable to decay j but the Bap 
contained in it under favorable coudttions undergoes fermentation, and 
fangi attack and destivy the fiber. 

Fermeutation, however, cannot take place except ia tbe presence of 
air, of raoistnre, aod of a temperature above the freezing point (32°), aud 
below 150° F. if any one of these conditions ia lacking, decay ia im- 
possible. 

But if wood is to be exposed to conditione fiivorable to decay, special 
precantious and means can and should be adopted to prolong its use- 
fblness. The sap being the prime cause of decay, it ia plain that timber 
should be cut at a season when it contains tlie least quantity of it and 
the least amount of organic matter, viz, during winter. 

It is stated on good anthority that wood of proper character and age, 
cnt during Jaunary and then air-dried, resisted decay for flileeu and 
Bixt«en years ; whereaa timber of the same kind, cnt atdifferent age and 
season, lasted only four years.* 

* Note. — On this point, see note on page 37. GEperience has shown that wood cnt 
In August, if properly seasoned, will last ae long as that cnt in winter. Tbe manner 
of after-treatment wil) decide mostly for or against the practice of summer cntting. 
If no preoantiona are taken as to proper sensonlDg, tbe winter cutting ia decidedly 
preferable.— B. £. F. 
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It is also evident tbat tlie total or partial removal of the sap from 
wood will retard its decay. Bat even if all sap were removed decay 
woald natarally set ia, if the eatraoce into the cells of air and water 
containing spores is permitted, or if do means are adopted to prevent 
their growth when introdaced. 

To prevent air and water from entering the wood its cells may be 
filled with some sabstauce not liable to decay. To prevent organic life 
from springing np in the wood cells, antiseptics are introduced into them 
in the form of solutions, which act as poisons on all kinds of spores and 
bacteria. 

Note. — There is do dnnbt whatever that wood can be preaervad, sncceMfall; and 
to commercial ailvaotage, to a mncb greater extent tlian is generally believed. 

Ti> experts in this field little need be said ; tbey are aware of its esteat, what has 
been accompliBhed, and the possible advantagea. They know that the preservation 
of wood has bean carried on In England and in several countries of Europe for a 
great many fears on a, very extensive scale and with the most satisfactory resalte, 
several processes being in nse whose efficiency basbeen thoroughly established. Ex- 
perience in this conntry has not been satisfactory, owing to a want of appreciatioa 
of certain conditions, very different from those found abroad. Aoiong these it is 
noticeable that we have nsnally green tiniber to treat instead of snawned wood, and 
that in some localities timber is yet too plentiful, and consequently cheap, to admit 
a preserving process being employed to commercial advantage. In some cases again 
experiments have not been satisfactory, owing to the great distances to which wood 
had to be transported for treatment and then to be sent back. — H. C. 

METHODS OF TREATMENT. 

The methods which are used, either simply or in combiuatiou with 
each other, in the preservation of wood, are, — 

(1) Steeping in water or in antiseptic solntious. 

(2) Forcing a current of water or of antiseptic solution longitudi- 
nally tbrongh the dncts of the wood, either by pressure or by saction — 
thcBoucherie process. 

(3) Steaming in closed vessels. 

(4) Bemoving air and vapors from the cells by creating a vacuum 
aroand the wood in a closed vessel, and then injecting the antiseptic 
solution into the wood by applying pressure to the solation. 

(1) Sleeping. — When wood is steeped in running water its sap is 
dilnted and gradually displaced. This is the cause of the greater dara- 
bility of rafted lumber as compared with that which has not been sub- 
merged in water. 

But the process is necessarily slow, and if the water in which the 
wood is sabmerged contains sediment, the process ia Impeded. 

Steeping ia also nsed for impregnating wood with antiseptic solutions. 
To allow such solutions to enter the wood the latter should first be 
freed from water, either by air-drying or by exposing it to heated air 
in kilns. Steeping requires much time (from one to two or three weeks) 
indcan never eCTectatboroaghimpregnation of the wood. Thestrncture 
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of wood i3 sacli that, while it offers but slight resistance to the flow of 
liqaids through its longitudinal ducts, it is very difficult, even under 
great pressure, to force any liquid &om the surface to its ceuter, at right 
angles to the direction of the fibers. But the ontrauco of aoy preserv- 
ing liquid through the ducta and other cells is resisted by the sap re- 
maining in the wood and by the air which fills the cells not occupied 
by sap, 80 that steeping, as generally carried oat, cauaea the antisep- 
tics to penetrate but a short distance from the surface of the wood. 

It is evident, therefore, that wood which is to be preserved by this 
method of impreguatioa shoald be fully framed to the exact form in 
which :t is to be used before it is treated. 

Steeping may sometimes be useful as a process preparatory to others. 

(2) The BoueJierie Process. — About 45 years ago Boucherie, a French 
chemist, conceived tlie idea of impregnating wood with a preserving 
fluid, by iutrodaciug it into a living tree through a groove cut aroand 
its surface near the ground, from which it was to arise, together with the 
sap, through the cells 'of the wood. 

But this was soon found impracticable, and in 1811 Boucherie pat- 
ented a process for preserving wood by forcing a solution of sulphate 
of copper through the cells of the wood under hydrostatic pressure ap- 
plied at one end of freshly cut and unbarked logs, so as to remove the 
sap and replace it by the solution of copper. Since then impregnation 
■with sulphate of copper has been generally known as the ''Bouche- 
rie process," althongb this term is more properly applied to the method 
of impregnation invented by him, which may also be used in connec- 
tion with other preservatives aa well as with copper. 

To secure the ready percolation of the fluid through the cells of the 
wood it is necessary that the sap of the wood to which the process is to 
be applied should possess the greatest possible degree of fluidity. This 
it has during the first months of the year. Timber cut during the au- 
tumn may also be used, although the sap at that season is more viscous 
and less readily removed. During the spring and summer the sap con- 
tains so much gummy extractive matter that it is not fit for treatment 
by this process. The timber is treated in the form of round logs, with 
the bark left on. The treatment should be applied as soon as possible 
after the timber has been cut. When exposed to the action of the at- 
mosphere, even for a short time, the sap will solidify and greatly retard 
the process. It is customary, therefore, to cut tUe logs of somewhat 
greater length than that ultimately required, and to saw off a few inches 
ftom the ends just before subjecting the logs to the process. 

Logs which are placed in clear water immediately after they are cut 
will remain for some time in proper condition for treatment. If the logs 
are intended for railroad tiesthey may be cut of suitable length to make 
either one or two ties, and the mode of introducing the solution varies 
accordingly. Logs cut for single length treatment are placed (with a 
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slight inclination) in a ronr on skids, and fastened to the latter hy damps. 
Along each row of logs rans a pipe, conuected with an elevated tnuk 
which contains the antiseptic solution. Aronnd the periphery of the 
end of the log nearest the pipe a greased rope is then laid and pressed 
against it by a plank which is drawn tight against the log by clamps. 

Thus a cylindrical chamber ia formed into which the solution 13 atl- 
mitted by a rubber bose connecting the pipe with the chamber. The 
admission of the solution may be stopped by clamping the hose. When 
the solution is first admitted the air contained in the chamber is allowed 
to escape throngh a small opening near the top of the chamber, and 
then the solution enters the open duets in the wood, pushing the sai> 
before it, and finally escapes at the opposite end, where the mixture of 
sap and solution drips into a trough placed along and under the ends 
of the logs. 

When logs cut to doable lengths are to be treated, afhjr having been 
placed on the skids they are sawed very nearly but not quite throngh 
in the middle. Wedges are then used to raise them at the middle so as 
to open the saw-cut wide enough to admit the introduction of a greased 
rope, which is placed around the circumference of the cut. The wedges 
are then taken out to allow the cut to close up, and thus to com- 
press the rope and to form a close chamber. The solution enters this 
chamber through a short tube driven into a hole which is bored slant- 
ingly a few inches from the cut, through the end of one of the logs. 
Bubber hose leads from the hole in the log to the pipe. The air is al- 
lowed to escape from the chamber by using a pin to make a small hole 
at the top of the greased rope, which is then plugged. Of course two 
troughs have to be placed along and under the outside ends of the logs, 
where the liquid leaves the logs. The troughs carry the escaping solu- 
tion to a tank, where it is restored to its normal strength. But as the 
solution iu passing through the logs is mixed with the sap it will, even 
if the scum is removed with ladles and the fluid filtered through woolen 
cloth, soon become impregnated with foreign substances to such an ex- 
tent that it cannot be safely used any longer. 

This may be remedied to some extent by filtration. At the foot of 
the trestle carrying the tanks are placed as many filtering tanks aa 
there are tanks on the trestle. The filtering tanks are closed by covers, 
which can be readily raised when the filtering material is to be intro- 
duced, and then closed and firmly anchored to the tank. 

The fiuid delivered by the troughs is pumped into one of the upper 
tanks, fVom which it is conducted by a pipe to the bottom of a filtering 
tank, whence, under a head due to the elevation of the tank, it passes 
upward through the filtering material and throngh a pipe starting from 
the cover of the filtering tank to a pump which raises it again to a sec- 
ond tank on top of the trestle. There the solution ia brought to the 
normal strength and then starts on a new round. Such filters have to 
be cleaned daily. 
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It would appeiir that a cheaper, if not more expeditious, method of 
preveDting the adulteration of the solution could be found by passing 
only clear water through the logs at the t>egiauiDg of the treatment, 
cootinuiug this proceas until the sap has been removed, and only>theii 
iiitroducing the antiseptic solution. The water, after passing through 
the logs, would be allowed of course to run to waste. 

The removal of the sap might, perhaps, be exjiedited and made more 
complete by using a weak solution of boras, instead of pure water, at 
the beginning of the operation. 

In France, where the Boucherie process waa for many years used ex- 
clusively for impregnating wood with'vulphate of copper, the rale was 
to continue the treatment until every portion of the end from which 
the solution escaped showed the proper reaction when testeil with fer- 
ro-cyanide of potassium. It was also a rule not to stop the operation 
until the solution escaping from the end, when tested by chemicals, 
showed a strength of two-^irds of the original solution, the wood re- 
taining almost all the sulphate of copper at the beginning of the treat- 
ment, and gradually less, so that the solution flowing from it showed a 
corresponding increase in strength. The time required for thoroughly 
impregnating wood by this process was found to vary with the state of 
the atmosphere, with the dimensions of the log, and with the quality of 
the timber. A humid and mild atmosphere was the most favorable, 
while dry and cold weather retarded the process. During freezing 
weather operations bad to be suspended. 

As to the influence of dimensions on the time required for treatment, 
it may be assumed that the time required is directly proportional to 
the diameter of the log and to the square of its length. It may also 
be assumed as being inversely proportional to the hydrostatic pressure 
applied. 

Timber in which the annual rings do not differ much in width, such 
as beech and hemlock, is more readily impregnated than timber in 
which the heart is much more compact than the sap-wood, as in oak. 
So attempt shouLI he made to treat timber which is not pertfectly sound 
thronghout its whole section and length. 

With fresh-cut beech logs intended for ties it took- on an average 
, about forty -eight hours to complete the impregnation. Logs of greater 
length and of other kinds required as much as one hundred hours for 
treatment. lu cases where the impregnation was found not to be com- 
pleted at the end of one hundred hours it was customary to reverse the 
position of the logs and to force the solution tlirough in the opposite 
direction. 

This process has '•been most extensively used iu France, and to a 
smaller extent in Austria and Germany. In England it has never beem 
applied, because nearly all timber used there is introduced from abroad. 
In the United States it has been used, so far as I am aware, in but few 
instances. 
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Yet its ase insares, probably, a more thoroagli impregDation than 
any of the other methods employed at present. It does not injnriously 
E^ect the strength of the wood, and requires a comparatively small 
outlay for pl#nt. It can be started almost aoyvrhere within a sborb 
time. 

Its drawbacks are that it can be carried on only during a compara- 
tirely brief season ; that it takes considerable time, although loss than 
the steeping process ; and that it cannot be applied to square timber. 

Considering that the large qiiautity of air which even fresh-cut wood 
contains must necessarily obstruct the passage of the solntion through 
the log and prevent the fluid from reaching every portion of the wood ; 
considering, moreover, that in pushing the solution through the ducts 
by pressure it was exposed to waste at every poiut where the Ancta 
reached the snrt*ace, and that such leaks were difScalt to stop, I con- 
cluded to make an esperiment to see whether better results could not 
he attained by reversing the Boucherie process, and applying suctioD 
Instead of pressure for passiug the antiseptic solutiou through the logs. 
Instead of using au elevated tank, I employed two small closed vessels 
in one of which a partial vacuum was kept up, while the other was 
being emptied of the sap and solution delivered into it by the pipe, 
which passed along the ends of the logs, and which was connected 
with the vacuum tanks, and by small rabbet hose with the chambers 
formed at the head of each log. The caps, in this ease, consisted of a 
thin, flexible metal ring, with sharpened edges. One edge was driven 
in near the circumference of the cut, and when firmly flsed, the disk, 
2 to 4 inches thick, which had been out from the end of the log to pre 
pare it for treatment, was driven into the other edge of the metal ring. 
This wooden bottom of the chamber was made air-tight by smearing 
clay or tallow over the outside face. 

A small knob fixed to the circumference of the metal ring contained 
a short tube, to which the rubber hose was attached by merely slipping 
it over the end of the tube. A cock in the short tube served to permit 
or to stop the exbaustioa of the air from the chamber at the end of the 
log. The log was always placed so that the suction end was at a higher 
elevation than the end at which the solution entered the log. The in- 
troduction of the solution was managed iu two different ways. In ono 
a chamber, identical with that at the suction end, was formed at the 
other end of the log, and the solution introduced into this chamber 
from a trough running along and i feet above the lower ends of the 
logs. This arrangement gave pressure at one end and sactton at the 
other, thus greatly expediting the operation. Cuts of the fibers at the 
surface of the log, such as would be produced by chopping off branches, 
through which the air might be sucked, were readily detected and 
could be quickly stopped by rubbing clay or tallow into them. When 
the cock in the pipe connecting the suction chamber with the main pipe 
vas opened, the first result was that the air contained in the ceUs of 



73 

tbe wood was drawu lato the saction chamber, aod theoce into the 
maiD sactiou pipe and vacnam tank, thas forming a vacuum iDside tbe 
dacts of the log, whicli caused the sap and the solution from the lower 
chamber to follow in a solid column and gradually to fill the wood with 
the antiseptic nolntion. 

Another method was to place the logs in a triangular tank in such 
a manner that the lower end of the log, to wbich in this case nochami>er 
or cap was fixed, would be completely submerged in the solution. When 
tbe cock controlling tbe connectiug pipe was opened tbe air and sap 
contained in the log were exhausted from it and the cells gradually 
filled with the solution. In some cases tbe tank was first filled with 
water for the purpose of washing out the sap before tbe antiseptic solu- 
tion was used. 

The antiseptic generally nsed was sulphate of copper, because its 
presencfi or absence can be determined constantly by the application of 
a solution of ferrocyanide of potassium, and tbe experiments were in- 
stitnted mainly for tbe purpose of ascertaining how long a time was re- 
quired to tboronghly impregnate the logs. 

With sound logs, of 12 to 20 inches diameter, cut into lengths of 8 
feet, it was found that the wood was thoroughly impregnated in from 
five to eight hours. This was ascertained by sawing tbe log in two after 
it had been treated and testing the whole surface of the cut with the 
reagent. 

But when the logs were not perfectly sonnd tbe impregnation was 
imperfect, 

A small experimental station was afterwards erected near Charleston, 
in Southeast Missouri, where it was intended to test the commercial value 
of the piMicess, and a number of large logs, mostly Sweet Gum, were im- 
pregnated. But as this kind of timber contains a great deal of sap 
wood, and as most of the large logs show incipient decay at the center, 
the results were not nearly as favorable as those which had been 
attained by the previous experiments with logs cut from other kinds of 
timber of smaller diameter, sound and of uniform texture. 

Tbe experiments were interrupted by the illness of my son, who bad 
charge of tbe work, and a season of high water, wbich kept the ground 
at tbe works, and for miles aronnd, submerged for several months, in- 
duced me to discontinue tbe experiment altogether, 

Bnt I believe that under proper condition the method just describifd 
will cause a more thorough impregnation of wood than can be secured 
by any other, witbout the necessity of an expensive plant and without 
injury to the strength of the timber. 

I believe also that it might be used to good advantage in works where 
now steeping alone is relied upon, with aviewof expediting tbe process 
and of impregnating the timber, not only near the surface, but also 
deeper. The timber, wheu submerged in tbe antiseptic solution, might 
be fitted at one end with a metal cap, as heretofore described, and thefluid 
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Backed throngh the timber by exbauatiug the air and liquid from the 
cap. Square timber, even if of large dimeoeioas, migbt tbue be treated^ 
tbe metal ring iu that case being made of tbe same form as tUe seotioD 
of tbe timber, and ia dimeosiou ^ or 1 inch smaller than that section. 
To effect complete saturation the fibers of the wood woald have to bo 
straight and parallel to the sides of the limber, but by applying tlie 
process to both ends a thorough impregnation of the inner portion of 
the timber would, iu most cases, be obtained, while the parts near the 
sar&ce would be impregnated by steeping. 

In describing at such length two processes which are not used, I bave 
been infinenced by the consideratiou that,while neitUer of them can ever 
dnd general application, there arc undoubtedly locations and circam- 
stances in which preservation by a process requiring but slight outlay for 
plant is the only one feasible; and, so far as I am aware, a full descrip- 
tion of these processes has never been fornislied iu any of the American 
publication^ treating on the subject of the preseivation of timber. 

(3) Steaming. — WJien fresh timber is placed in a closed vessel and 
steam admitted into the latter, the first effect will be to expel the air, a 
tap i>rovided for that purpose being left open. When the air has beea 
driven out this tap is closed, and, more hot steam being admitted, tbe 
temperature of the timber and of the sap contained therein rises grada- 
ally. When the temperature in any part of the timber rises to 167<^ 
Fahr., the albumeu which is generally considered the ingredient in the 
sap most favorable to decay becomes solid. The air expands and a 
portion of it leaves the cells. The water contained in the cells is 
gradually transformed into steam, and the water of condensation, to- 
gether with a great portion of the extractive ingredients of the sap, is 
driven from the wood and collects at the bottom of the boiler, whence 
it is from time to time drawn off by a tap. The steam admitted shoald 
not have a pressure greater than about 20 pounds (corresponding to a 
temperature of about 260° Fahr.).* 

To coagulate all the albumen it is, of course, necessary that every 
part of tbe timber should be heated; but heat enters rather gradually 
and slowly from the surface to the interior. Experiments made by in- 
troducing Rose's metal into holes bored into the timber from the surface, 
which afterwards were plugged, showed that after three hours' steam- 
ing, the heat required for coagulating albumen had penetrated only to 
a depth of 3 to 1 inches. It is evident, therefore, that if all the albu- 
men in the wood is to be coagulated the time during which the timber 
is steamed must be regulated according to its dimensions. 

With timbers of considerable length and of large cross-section, it may 
be necessary to continue the process for six and eight hours or more. 

* It would prubiibly bo even better M> restrict the temx>erature of tbe stesm to 
MO", or 10 ponnds presanre, to prevent iujiitious effoeta to the Btrength of the wood 
where bridge timbers ore to be pruaerved, although the process would take more 
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Bat such loog-continued steaming will soften the fibers, weaken their 
coherence, and reduce the streng^ of the timber. Esperiment« made 
ill Hanover show that the ultimate strength of Buruettized wood was 
reduced byone-fburth to one-teuth, aud its elastic limit by one-seventh. 
Some part of this rednction was probably dne to the action of the anti- 
septic nsed — chloride of zinc j but there can be little doubt that it was 
also partly due to the steaming. 

Steaming has some other unfavorable features. A portion of the 
albumen, although coagulated, remains behind and partially stops up 
tbe cells, hinders the &ee circulation of steam and sap, and ultimately 
the entrance of the autiseptic solution. The process, moreover, does 
not fully remove the viscid ingredients of tbe sap, which, next to 
albnmeu, are most favorable to decay, while it deprives the woo<l com- 
pletely of the essential oils aud of tannic acid, which are to some extent 
preventives of decay ; and, finally, unless the process be followed by 
some process of drying, as by superheated steam, and by application of 
the vacuum process (which will be described hereafter), it leaves a con- 
siderable qnantity of water of condeusation in the wood, making it in- 
capable of impregnatioD with at least one of the best antiseptic sub- 
stances (heavy oil of tar), and hindering complete impregnatloa with 
other preservatives. 

That a considerable quantity of water remains in the wood after sim- 
ple steaming, was proved by experiment, when it was found that of the 
water introduced into tbe vessel in the form of steam only two-ftMis to 
four-fifths were removed from the boiler as water of condensation, bo 
that &(Htt one-fifth to three-fifths remained in tbe wood. 

(4.) The VaoKum Process. — In 1S3S Burnett patented a method of pre- 
paring timber for receivmg the preserving fluid, by placing the timber 
in a closed vessel and then using an air-pump for removing the air and 
vapor from the cells of the wood. He next tilled the vessel with the an- 
tiseptic fluid, and applied a pressure as high as 150 pouuds per square 
iDch, by compressing the air above the solution. From the use of com- 
pressed air his was named the pneumatic process, aud it retained that 
name even after the use of compressed air bad been abandoned, and the 
pressure was directly produced by pumps. 

This process, preceded by steaming and vacuum, is the one now al- 
most universally used. 

The timber to be treated is placed ou cars, which are then pushed 
iuto a boiler, 6 to 8 feet in diameter, and from 60 to 110 feet long, of 
sufficient strength to safely bear an internal pressure of 150 [wunds, and 
a collapsing presBore of 12 or 15 i>ouDds. The boiler is then closed, and 
steam admitted under a pressure of 10 or 20 pounds- Steaming is kept 
op, as heretofore stated, for from three to eight hours, and is followed 
by exhausting the air and vapor still contained in the wood for from 
one to three hourB, until the vacuum becomes constant on the stoppage 
of the pumps. The antiseptic solution Ib then admitted to the boiler, 
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and wheu tbe latter is filled with the liquid, force pumps are euipiojea 
to force tlie Bolutiou ioto the cells of the wood noder a pressure of 100 
to 150 pouDds. The pressure is kept up uutil, on stoppage of tbe pumps, 
it remaiua ucarly constant ; say from three to sixty honrs, according to 
quality, kind, and dimeusious of the timber. 

The cars with the timber on them are then removed from the tmiler 
and a new charge introduced. 

NoTB. — Manyeeem tobenndertheimpreBsion tb at tbe effect of tbe vacunm in draw- 
ing ont the sftp and air is DDlimited, and the same aa regards tbe preuare iufDrcing the 
preeervativd ioto aod throngli the wood. We hare no doubt that the vacuum and pre*' 
sure are of gre&t benefit, bat to vhatEstent the complete impregnation of tbe -wood is 
affected by tbe amonnt of air that niay be iu tbe wood-cells remains to be settled by 
farther investitjation, aud more precise informatiou would be useful. In green and 
rafted timber the sap is iu a more or less liquid form, and the log may thus be so full 
of moisture as to couCain a minimnm amount of air, and steaming can be of benefit 
only b; making the Bap mure Suid, the moisture of tbe steam being of no advantage. 
Theheat also expands what air there is in the wood and thus drives out some of the 
moiature. With such timber it probably would be better to apply dry heat rather 
than by direct stenmiug, and thus add heat without extra moisture, for if wo get a 
stlcln ol timber thoroughly water- soaked, the wood-cells are full of water aud tbem 
is no place into which to force the preserving fluid.'-H. C. 

ANTISEPTICS USEB IN THE PEESEEVATION OP WOOD. 

Out of the great number of substances which, during tbe last sixty 
years, have been proposed for preserving wood from decay, or rather 
for prolonging tbe period of its usefulness, only four have stood the test 
applied, and are now employed for that pnrpose. 

Ist. Heavy oil of tar (creosote oil, dead oil). 

2ud. Bichloride of mercury (corrosive sublimate). 

3rd. Cliloride of zinc. 

4th. Sulphate of copper. 

In addition to these some subetauces are employed for preventing tbe 
gradual removal of these antiseptics from the wood by exposure to at- 
mospheric influences, such us chloride of tanuin, glue, tannin, and 
sulphate of lime. 

(1.) Heavy Oil of Tar. — The heavy oil of tar is the product of the dis- 
tillation of coal-tar hetweeu the temperatures of 4S0° aud 760° Fabr. 

It generally contains from 5 per cent, to 10 per cent, of cresylic acid, 
the remainder consisting of heavy oil and naphthaline iu varying pro- 
portions. An analysis of the oil, as imported from England and used 
at the works at Slidell, La., gave 9.75 per cent, of carbolic and eresylic 
acid, 12.60 per cent, of naphtlialine, and 77.75 per eent. of heavy oil. 

At 65°rahr. it weighs about 9 pounds per gallon, and boils at a temper- 
ature of 26S°. It has great antiseptic qualities, and being insoluble in 
water, has the advantage over all other substances used for the preser- 
vation of wood, in that when applied in proper manner, it forms a coating 
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to tbe woody fiber, which prevents water and air from coming in contact 
with it. Being insoluble in water, it cannot be removed by immersion 
in water. It is, moreover, tlio only aabatance wliicli will permaneatly 
protect timber against destruction by tbe Teredo navalia and other 
parasites. 

Impregnation with heavy oil of tar, or creosotiug, as it is sometimes 
called (from the fact that creosote was considered the active preserva- 
tive principle], was patented iu England by Bethell, in 1838. 

The method of treatment proposed by him was to remove the air from 
the wood, to heat the oil to about 120° Fahr., and to inject it into the 
wood by pressure. To admit of proper impregnation, the wood shonld 
be freed from water so far as possible. In England, air-dried wood is 
readily procured, which being placed in a closed vessel in which a vac- 
uam has been established, can be easily prepared for the reception of 
the oil. In this country, where the wood generally has to be impreg- 
oat«d soon after it has been cut, and when steaming has to be resorted 
to for driving out the sap, special mcius mast be adopted to remove 
the water of condensation from the wood, after steaming, if the treat- 
ment is to be successful. 

As to the quantity of oil required to preserve the wood, it may be 
said that the useful effect of the impregnation is proportional to the 
quantity of oil injected into a given volume of wood. If all the void 
spaces in the wood could be filled, it would take tcom oue-balf to two- 
thirds of a cubic foot, or from 35 pounds to SO pounds of the oil for each 
cubic foot of timber. The practical limit would probably vary fh)m 25 
to 60 pounds percubic foot, according te the kind of timber used. 

But impregnation to such an extent would be altogether too expen- 
sive, and the quantity is therefore limited to what has proved by ex- 
perience to be adequate for preservation under the conditions in which 
the wood is to be used. From 5 to 7 pounds per cubic foot ia at pres- 
ent considered sufficient for railroad ties ; about 10 pounds per cubic 
foot for bridge timbers ; and for protecting piles used in marine struct- 
ures, from 18 to 20 pounds per cubic foot are considered necessary ac- 
cording to the experience of American and French engineers, while Eng- 
lish engineers consider 10 pounds per cubic foot sufBcient protection 
for timber and piles in marine works. 

The valne of creosotiug as a preservative against decay is shown by 
long experience. In England it is almost universally used for preserv- 
ing railroad ties. Creoaoted ties have been found perfectly sound after 
they had been in the ground for tweuty-1 to years. In this country, 
creosotiug was first applied in 1865 by Hinckley, on the Old Colony 
Railroad, for the preservation of piles; but the treatment was very im- 
perfect, as the oil did not penetrate to a depth of more than one-quarter 
to one-half an inch below the surface. The piles were also trimmed and 
cat after treatment, thereby exposing untreated surfaces. 
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Yet in 1878, wfaen these piles were examined, 200 of them vere still 
foand standing, althoagh not in a sound condition. Some railroad ties 
(hemlock), which had beeo creosoted and placed in the track at the 
same time, were found to be perfectly sound. 

Greosoted Cypress ties, which had been laid in the track of the Cen- 
tral Railroad of Tfew Jersey in 1876, on an examination made in 1883 by 
L. L. Bnck, were reported to be soand, not much woni, and in all prob- 
ability good for ten or twelve years' longer service. 

In 1385, Mr. J. W. Putnam examined creosoted piles and bridge tim- 
bers, which had been in use on the line of the 'New Orleans and Mo- 
bile Bailroad for nine years, and found them all sound ; the piles had 
euecessfolly resisted the attacks of the Teredo. 

Some failures are reported in this coontry, but in every instance they 
can be shown to have resnlted fcota imperfect treatment. 

Crcosoting works are established at Boston, New York, Pascagoula, 
Miss., Slidell, La., and Bayon Bonfauca, on the Kew Orleans and North- 
eastern Railroad. 

Creosoting is undoubtedly the most effective means of preserving 
wood, and the only obstacle to its universal introduction consists in 
its being more expensive than any of the other systems of preservation. 

(2) Bichloride of Mercury, — The use of bichloride of mercury {corrosive 
sublimate) for the preservation of wood was patented and introduced in 
England by John Howard Kyao, in 1833, and was soon very extensively 
applied. It coagulates albumen, and is the strongest antiseptic amoDg 
metal salts ; it is also very poisonous. Its solution attacks iron, conse* 
qnently tanks, pumps, tools, pipes, et«., for holding it must consist of 
wood or India rubber, or mnst be coated with coal-tar. It is soluble in 
water, and by using hot water a solution can be obtained of 1 part of 
bichloride of mercury and C parts of water. When it is to be osed for 
the impregnation of timber the concentrated solution is diluted with 
the addition of water. The strength of the solutions used in impregna- 
tion has differed greatly. On the Boston railroads, where this antiseptic 
has been largely used for the preservation of railroad ties and sleepers, 
the strength of the solution was 1 part of bichloride of mercury to 150 
parts of water, and the quantity absorbed by 100 cubic feet of dry pine 

Note,— In France all ties are impregnated, preferably wilL creosote, tbe cost per 
tie being as follows : 



The average duration of ties bas )>een fonnd. to be as follows; Oak, not impreg- 
nated, lasted on the average U years. Oafc, creosoted, lasted 18 years. Beecb, cr«- 
osoted, lasted 8 to 10 years. Sprnce, creosoted, lasted 12 years,— 
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wood, in the form of ties, -was foand to be 6.6 ponnds ; by 100 cubic feet 
of oak, 5,5 pounds ; and 5 pounds by 100 feet of pine moderately dry, 
coDtEtiaing a large amonnt of resin. 

Od the Eastern railroads the strength of the sotntion at first was 1 in 
240 parts, and at present a solution of 1 in 99 is used. The timber is said 
to absorb about 2.6 pounds per cnbic foot, while Mr. J. B. Francis states 
that in the Lowell works the wood is found to absorb about 6 pounds of 
sublimate per 100 cubic feet. In England solutions bare sometimes been 
nsed containing 1 pound in 46, but without securing as good absorption 
as was obtain^ with weaker solutions, since only 2.3 ponnds per 100 
cubic feet were attained, it being probable that some of the sublimate 
was precipitated in the pores near the surface, stopping them sufBeiently 
to parti; prevent the entrance of the solution to the inside of the wood. 

The impregnation of wood with corrosive sublimate has always been 
carried on by steeping. In Germany wooden tanks, from 20 to 35 feet 
long and from 4 to 5 feet in height, are used. The rule observed as to 
the length of time of immersion has been to leave ordinary railroad ties 
ten days in the tanks, lumber five days, bridge timbers fifteen days. In 
some works the rule is to steep pine ties for eight days, and oak ties for 
fourteen days. 

At Lowell, Mass., where this process was introdaced by Jas. 6. 
Francis, G. E., in 1848, and has been carried on (with an interruption of 
twelve years, 1850 to 1SC2) up to this time, the steeping is performed 
ill wooden tanks SO feet long, 7^ feet wide, and i feet deep. The rule 
laid down by Mr, Francis for the duration of steeping is, that the tim- 
ber should be kept immersed a length of time depending on its least 
thickness, one day being allowed for each inch in thickness, and one 
day in addition, whatever the thickness. This makes the time of im- 
mersion for a flinch timber seven days. At the works of the Eastern 
Bailroad at Portsmouth, Me., tanks 69 feet by 9J wide, and 6 feet deep, 
built of granite laid in cement, are nsed. The inside of these tanks is 
coated with coal-tar, applied hot. Ties 6 inches thick, according to H. 
Bissell, M. M. W., Eastern Railway, require one week ; 12-inch timber, 
two weeks. The time of immersion is, therefore, nearly the same at all 
works. The difference inthequantityof8ablimateabsorbed(2.6ponnds 
per 100 cubic feet at Portsmouth, against 6 poundsper 100 cubic feet at 
Lowell and in Germany] could be due probably only to the &ct that the 
timber treated at Portsmouth was not air-dried. 

Bichloride of mercury being a very active iwison, great care in hand- 
ling it is plainly indicated. In Baden it was considered necessary to 
take extra precaution against the poisoning of the workmen, and some 
])rejudic6 was created agaiust this mode of preservation on this ac- 
connt ; but the experience in this country on this point is somewhat re- 
aasnring. Mr. Francis states that, in an experience in Kyanizing, ex- 
tending over more than thirty years, he has known no case where themen 
operating with it have been made ill. He says that men working over 
tbe tank in which the corrosive sublimate was being dissolved in hot^ I , 



water sometimes complained, bat that he never knew auy mau to be se- 
riously afi'ected. He mentioDS, however, that in Eyanized timber an 
efflorescence of the snblimate has sometimes been observed, which might 
be itijnrious to cattle, if licked off from timber to which they have ac- 
cess. This might be prevented to some extent if the precaution used in 
Germany was adopted, of washing with hot water the snrface of the 
timber when treated, and before being exposed. Mr. Bissell corrobo- 
rates the statements of Mr, Francis. He states that the man in charge 
of preparing thesolution has, iu a few instances, been nanseated for a 
short time by inhaling vapor arising from the solntion; but that he be- 
lieves this would have been prevented by a little more carefulness, and 
that the men haudliug the timber never suffered any injury, although 
frequently careless. 

The testing of a solntion of the sublimate, as to its strength, can 
readily and accurately be performed. A graduated test tube being 
filled with it, a solution of iodide of potassa is added, which precipi- 
tates the oxide of mercury as a red powder, which by the further ad- 
dition of the solution of iodide of potassa is again dissolved, so as to 
leave a clear liquid. The change in color can be accurately observed, 
and the numbers on the graduated test tube can be so arranged that 
the mau in charge can read off the weight of bichloride of mercury to 
be added to bring the solution to its proper strength. 

There is ample testimony as to the effloiencyof bichloride of mercnry 
as a preservative of wood. The railroad ties of the Baden Bailroad, 
impregnated with it, lasted from twenty to thirty years. Mr. Francis 
states that in 1850 he put up a fence of Eyanized spruce lumber, which is 
still perfect, not a single piece having been removed during the thirty- 
five years, and only part of the wood which was under ground having 
decayed. The Pawtncket Street Bridge, built in 1849 of northern White 
Pine (Kyanized), did not reqture any repair nutil 1882, a period of thirty- 
three years. Kyanized timberswere used iu nine spans of the Burr truss 
bridge, at Georgetown, which stood from 1840 to 1862, and failed, not 
from the decay of its timbers, but from bad construction. The Black- 
stone Biver Bridge, on the New York and New England Bailroad, a 
Pratt truss built of Xyanized timber in 1848, when taken dowu iu 1876, 
after twenty-eight years' service, was found but slightly decayed. Two 
bridges on the Philadelphia and Beading Bailroad, bnilt in 1850 of 
Kyanized timber, proved sound after twenty years. 

The experience in this country as to Kyanized ties is not as favorable 
as in Baden. This may be due to two causes. On the Baden Bailroad 
the ties and all other timbers are air-dried during two or three weeks 
after impregnation and before being laid, which precaution is probably 
not observed in this country, and the road-bed in which the ties of the 
Baden B^lroad were laid consisted of a very dry gravel, which allowed 
all rain-water to run off at once. But even on other G«rman roads the 
success of Kyanizing has been remarkable, and the failures which are 
recorded were due in many cases to imperfect impregnation. 
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Still, from tbe experimeuts of Mr. Francis, it seems to be certain that 
Kyaniziug will give better results when the timber is exposed to air than 
when placed underground. This results very likely from the sublimate 
being gradually dissolved and washed out. It might be prevented 
probably by first drying the treated timber and then giving it a coating 
of dead oil, on the ends at least. 

(3) Chloride of Zine. — ^The use of chloride of zinc for the preservation 
of timber was patented by Burnett, in England, in the year 1838. 

Chloride of zinc is prepafed by dissolving metallic zinc in hydro- 
chloric acid. In its most concentrated form it contains 32 per cent of 
zinc, but generally only 25 per cent. The specific gravity of a solution 
of this strength is about 1.6. It is sometimes made from zinc' skim- 
mings, and is then liable to contain free hydrochloric acid and chloride 
of iron ; the first, like nearly all free acids, reduces the strength of the 
timber, while the second reduces the value of the solution as an anti- 
septic. 

Chloride of zinc has the greatest atQnity for wood fiber, and is hygro- 
scopic, both being qualities which increase its value as a preservative. 
It is also a very strong antiseptic. Burnett at first recomnended to 
use a solution of 1 part (by volume) of concentrated chloride of zinc to 
59 parts (by volume) of water. In Germany stronger solutions were 
frequently used, 1 in 30, 1 in 24, and in one case even 1 in 14 parts. But 
it was found, as in the case of corrosive sublimate, that by using these 
stronger solutions the quantity of zinc absorbed by the wood was not 
proportionally increased, because such solutions would not so readily 
enter the cells, and that some portions of the timber received an ex- 
cessive amount of the zinc chloride, while others received little or none. 
The presence of an excess of chloride of zinc, moreover, seems to injure 
the fiber, causing brittleness in the wood, and to prevent these conse- 
quences the strength of the solutions on German railroads has been 
reduced t» 1 in 50, or 1 in 60, 

In this country solutions of 2 in 100 and A in 100 were used at first 
(Erie Railway Company). On the Philadelphia and Western Railroad 
the solution used contained 5 or 6 in 100 ; on the Philadelphia anrl 
Beading Railroad, 3| in 100; on the Havre de Grace Bridge, 1.12 in 100. 
Atpresent the solutions generally used have a strength of 1.9 or 2 in 100. 
The strength of solutions is generally measured by the areometer ; but 
the specific gravity of the solutions of zinc chloride changes so rapidly 
under changes of temperature that errors are unavoidable, nnless proper 
corrections for temperature are made. 

The weight of concentrated chloride of zinc, which was absorbed from 
a solution of a strength of 1 in 60, wns foand to be as follows on the 
railroads of Hanover, Germany : 

100 cabic feet of Oak absorb 22 pounds of concentrated chloride of 
zinc. 
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100 cubic feet of Bceol^ absorb 108 poniuls of concentrated cbloride 
of zinc. 

100 cobic feet of spruce absorb 50 poandB of concentrated chloride 
of zinc. 

At the works lately built at Las Vegas, N, Mex., witli a solution cou- 
tainiog 1.5 parts of concentrated clilorido of ziuo in 100 parts (by vol- 
ume) — 

Hewn ties absorb 33 per cent.-of solution (by volume), or 49 pouuiis 
of concentrated chloride of zinc in 100 cnbic feet. 

Sawed ties absorb 17 per cent, of solution (by volume), or 24 pounds 
of concentrated chloride of zinc in 100 cnbic feet. 

PilesiO feet long, 17 incliesat tbebatt, 12 to 14 percent., or Ifi pounds 
of concentrated chloride of zinc in 100 cubic feet. 

With a solution of a strength of 2 in 100, the absorption would be 75 
liounds, 33 pounds, and 21 pounds per 100 cubic feet, respectively. 

The eflQciency of the chloride of zinc in preserving wood is well at- 
tested. 

On roads in Hanover 169,000 ties (Bumettized oak) lasted, on ati 
average, 19.6 years. 

On the Ehiue Emden Railroad 161,515 Bumettized Fir ties lasted, 
on an avera^, 22.S years ; 81,000 Beech ties, on the Hanover Railroad, 
lasted, on an average, 14.8 years ; while, when left untreated, the aver- 
age duration of oak ties in Germany is 14 to 16 years ; of flr ties, 7 to 8 
years, and of Beech ties 2^ to 3 years. 

As to the success of this mode of preservation in this country, the 
following facts may be mentioned: Of 2,000 Bumettized ties laid on 
the Chicago, Bock Island and Pacific Railroad in 1S66 (pine, Tamarack, 
and cedar, and the greatest part Hemlock), when examined in 1881 by 
M, Alexander, roatlmaster, 75 per cent, were still found present in the 
track, and in such condition that they might do good service for 2 or 3 
years longer. 

L. L. Buck reports that in 1882 he examined a lot of Bumettized 
ties laid in 1866 and 1868, consisting of Maple, Beech, and Hemlock, and 
found them, with few exceptions, in a, good state of preservation, and 
more particularly the Hemlock ties. He expresses the opinion that, 
although in the ground for 16 years, they would probably last from 7 
to 8 years longer. 

R. M. Chafl^, president of the Union (horse) Bailroad at Cambridge, 
Mass., states that of a lot of Bumettized sprnce sleepers laid in that 
railroad, many were found in good condition after 28 years' service, 

A truss bridge of 8 spans, built for the Chicago, Rock Island and 
Pacific Bailroad of Bumettized timber in 1860, was still in fair condi- 
tion in 1882. 

Where Buraettizing failed, it was due to improper treatment. The 
fact alone that 22 out of 48 G«nnan railroad companies, who pres^rvf} 
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tbeir ties, use tbis antiueptic might be accei>te(I as a proof of its etS- 
eieney as a preservative. 

(4) Sulphate of Copper. — Sulphate of copper (blue vitriol) bad loog 
been knowB as a strong aDtiseptic ; but was first used for the preserva- 
tion of wood by Bouctierie, in the year 1838. When used for this pur- 
irase it should be free from deleterions admixtures, among which the 
most common, and at the same time most injurious to wood, is sulphate 
of iron; for sulphate of iroa is easily decompose^], and the free sul- 
phuric acid resulting therefrom attacks aud weakens the wood fiber. 

The solution of sulphate of copper recommended by Boucberie con- 
sisted of 1 part {by weigbt) of sulphate of copper to 100 parts (by 
weight)^of water. 

The increase of timber in weight by impregnation with sulphate of 
copper was found by Boucherie, when his method of treatment was 
used, to be as follows per 100 cubic t^t : pine, 140 pounds ; oak, 145 
pouuds; Hemlock, 330 pounds; Beech, 540 pounds. 

But this increase in weight does not express the weight of dry sul- 
phate of copper taken up by the wood, nor the weight of the diluted 
solution of sulphate of copper absorbed.* The weight of dry sulphate 
of copper absorbed by Beech was found to be 32 pounds iu 100 cubic 
feet of wooil, and this is the weight of dry sulphate of copper which 
100 cubic feet of this kind of wood is re<iuired to contain (1.1 pouuds 
per tie of 3.5 cubic feet), under the specifications of the French engineers^ 

When the Boucherie process of impregnation ia used, the weight of 
sulphate of copper rcciuired per cubic foot may be set down at 40 pounds 
imr 100 cubic feet, to make allowance for loss in antiseptic resultiug 
from his mode of treatment. Impregnation with solutions of sulphate 
of copper has been carried ou by almost every known method of treat- 
ment, viz: by steeping, by the Boucherie process, aud by vacuum and 
pressure. 

One disadvantage iu the use of this antiseptic consist in the fact 
that boilers, pipes, pumps, and tools used iu carrying on the process 
must consist of copper, because contact with iron decomi>oses the sul- 
phate of copper. This, of course, largely increases the cost of the 
necessary plant. 

Another respect iu which treatment with sulphate of copper is inferior 
to treatment with chloride of zinc, at least iu preserving railroad ties, 
may be found in the fact, that when ties treated with sulphate of cop- 
per are placed iu the track, the iron rails and spikes coming into contact 
with the sulphate of copper will decompose the latter, producing free 
sulphuric acid, which attacks the fiber and injures the strength of the 
timber. Jd some cases the endeavor has been made to prevent this by 

* Buuclierie found tLat io 'i'i hours 3,0IJ0 liters of Bolulion entureil iuto a Beech log 
1& meters loog and averaging O.S meters in diameter, or abont i of its total volume. 
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covering tUe ties, where they tonched the rails, with coal tar, ami liy 
using galvanized spikes. Sulphate of copper is less hygroscopic tluui 
chloride of zinc, and ties treated with it are more liable to crack. 

There is one point, however, in whieb it is superior to chloride of zinc, 
and which is of very great importance, when the treatment is to be 
effected under contract. While it is difficult to control the strength of 
a solution of chloride of zinc used in impregnation, or to find by chemi- 
cal analysis the actual quantity of zinc contained in the timber aft^T 
impregnation, both of these operations can be performed with grent 
accuracy, and without ranch expenditure of time or money, when snl- 
pliat« of copper is used. There can be less cheating, and, therefore, 
the success of the treatment as a means of preservation is more fully 
assured. To show the eflBciency of the sulphate of copper in prolong- 
ing the life of wood, it may be stated that, according to German expeii- 
ments, 60,000 fir ties which had been merely steeped in a solution of 
sulphate of copper lasted on an average 13,9 years ; that 30,000 ties of 
the same kind of timber, which had been boiled in a solution of this 
same antiseptic, and laid on the Beriin, Potsdam and Magdeburg Eail- 
road, lasted on an average 14 years; and that 111,000 fir ties, impreg- 
nated with sulphate of copper under pressure, averaged 16 years of 
usefulness; while unimpregnated Qt lies used in the same railroads 
lasted only from 7 to 9 years. It may, therefore, safely be assumed 
that the durability of such ties would be doubled by proper treatment 
with sulphate of copper. 

The use of sulphate of copper has been nearly abandoned iu France, 
but is still carried on by some of the German railroads. 

In this country it has been used only in connection with the Thilmany 
process, which wilt hereafter be described, Oneobstacletoits use may 
have been found in the fact that sulphate of copper formerly cost mock 
more than chloride of zinc ; but the price of copper has declined so much 
of late that the difference in cost has been greatly reduced. 

Note.— The outfit fortbo BoucLerie process is lislitunil inexpensive, aa well aa that 
fur Kyauiziii^, consisting of tanks in which to mi£ aud store the proacrviog liqiiiil and 
troagha to receive the sap ; or, with the Ifttterproeeea, tanksin which to soak or steep 
the timber. The Buruettizing procesaanil the Bethel] process must prepare the wood 
by steaming, etc., and require iron ej'liuilora, a steam boiler, aiiil piimiw. But the 
usual fonn can bo uiodified, as Colouul Flad lias indieated, by using two or more 
smaller cylinders with boiler and pnmpa, all attached to trucks or arraoged to be 
easily haudled, and with all pipe connections so arranged ns to be mode or hriikcfii • 
readily. 

The advautages of a movable plant have reueivcd less attention aud have been 
tasted less than they deserve." The transportation of timber is of oonrse a consid- 
erable item of expense. A plant of uiodetatu ai/,i3 could be taken to tkc variona 
BOarces of supply frulu which the timber comes or to the most economical distribut- 
ing points, aud tlins the cost of transportation, in one direction at least, would often 
be saved.— H, C, 
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Methods and suBSTAnroES ubed to bbtaih antiseptics. 

The heavy oil of tar, beiug ineolable in water, will not be removed 
from timber which has been iaii>regn»ted with it, even if the timber is 
permanently submerged in water. But the metallic salts at presetit 
nsed in wood preservation, bichloride of mercury, chloride of zinc, and 
sulphate of copper, being injected into the wood in the form of aqueous 
solutions, are of course liable to be dissolved again by moisture and 
eventually to be removed when the timber is exposed to the action of 
water. Experiments made by chemists seem to prove that a portion 
at least of the sulphate of copper and of chloride of zinc combines with 
tbe fiber of the wood and cannot be removed again ; but all that has 
not been fixed by such combination may, in the course of time, be re- 
moved from the wood when permanently immersed in water. Metallic 
salts should, therefore, not be used when wood is exposed to the con- 
stant action of water, and it would be desirable to adopt means for pre- 
venting even the gradual, but much slower, removal of the salts by raiu 
and moist air, although the favorable results with wood which had not 
received such extra i>rotection leaves some doubt as regards its eco- 
nomical value. 

The methods which are now used for preventing the " washing out" 
of the metal salts are : (1) The Thilmany process ; (a) with sulphate of 
copper; (b) with sulphate of zinc, (2) The Wellhouse process. (3) 
The ziucgypsum process. (4) The zinc-creosote process. 

1. TIte Thilmany Process. — Thilmany, in 18G9, took out a patent for a 
method of preservation by which the wood was first to be impregnated 
with sulphate of copper and then to be immersed in a bath of chloride 
of barium. An interchange of the constituents of these two salts, if 
brought together in the proper proportions, would leave the timber im- 
pregnated with chloride of copper and sulphate of barium, which latter, 
being insoluble in water and in all acids, was expected to fill up the 
pores of the wood so as to prevent the removal of the chloride of copper 
by water entering from the outside. 

The process was first tried at Cleveland, Ohio, with blocks for wood 
pavement. As far as I am informed, the wood was treated with sul- 
phate of copper by the Boueherie process and then immereed in a bath 
of chloride of barium. In 1881 1 took np and examined some of the 
elm-wood blocks which had been thus treated and laid down in Saint 
Clair street in 1870, and found them perfectly sound after eleven years' 
exposure on the street. 

Works were erected at Defiance and Milwaukee, where tlie timber and 
ties were treated with the Thilmany preservatives by steaming, vacuum, 
and pressure. But the results were not very favorable. At Defiance a 
solution of 1.5 in 100,and later one of 2 in 100, was injected with a pressure 
of 80 to 100 pounds until all the pores of the wood (as Mr. Thilmany 
says) were charged witJi the solution, when the boiler was filled with a 
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IJ per cent, solation of chloride of bariunj. It is hard to conceive how 
the second solution could enter the pores already filled with the aola- 
tion of sulphate of copper, and where the chloride of barium reached 
the first solution it left chloride of copper, the value of which as an 
antiseptic is uncertain, and some sulphate of barinm ioside of the wood, 
which could do neither good nor harm. The treatment of the paving 
blocks at Cleveland was evidently more rational, because by the Boa- 
cherie process the wood was well impregnated with sulphate of copper, 
and the soaking in chloride of barium only produced an interchange 
near the ends, where the formation of the insoluble sulphate of barium 
was of the greatest benefit in stopping up the pores to some extent, 
and if not preventing, at least impeding, the ingress of water and the 
washing out of the sulphate of copper from the inside. 

Mr. Thilmany later used sulphate of zinc, instead of copper, in connec- 
tion with chloride of bariam, but the process does not appear any more 
rational. If the interchange of the chemicals throughout the Inmber 
could occur, it would leave the wood impregnated with chloride of zinc 
and sulphate of barium ; but as such a complete interchange is im- 
possible, part of the sulphate of zinc would undoubtedly remain un- 
changed, and as its antiseptic powers are not established, the result as 
to preservation must be uncertain. 

2. The Wellkouse Process.— Another device for preventing the remova» 
of the zinc chloride has been invented by Mr. Wellhouse and is exten- 
sively used. It is based on the fact that glue and tannin, brought to- 
gether in proper proportions, will form a substance resembling leather. 
The timber is steamed in the usual manner, inclosed in a vacuum, then 
impregnated by pressure with a solution consisting of chloride of zinc 
and glue, and afterwards subjected to a bath of tannin under pressure. 
The impregnation with glue, it is claimed by the president of the com- 
pany using this process, will destroy aU tannic acid within the wood. 
But the benefit derived from this chemical combination is not appar- 
ent, since tannin is rather a, preservative than otherwise. The bath of 
tannin, the president further states, precipitates the glue remaining in 
the outer pores of the wood, retaining a greater percentage of chloride 
of zinc in the wood than would be the case if it were simply Burnett- 
ized. But while the latter claim may be substantially correct, it remains 
to be seen whether the introduction of an uncombined organic substance 
into the inside pores will prove favorable to preservation. 

The question whether the zinc tannin process gives better results 
than the ordinary Bethell process will be decided within a few years, 
as a number of works for treating ties by this process have lately been 
constructed by the Atchison, Topeka and Santa F6 B^lroad at Las 
Vegas, N. Mex., and by the Uniou Pacific Railroad at Laramie, Wyo,, 
and the process is also used for preserving ties for several railroad 
companies at the Chicago works of the company. 



Tlie works, at Santa F6, which have witbiu a year been erected on the 
plaos and partly under the supervision of Mr. O. Cbanute, C. E., are 
constructed and operated in accordance with all the requirements of the 
best modern practice. At the Las Vegas works an accurate and full 
record is being kept of all the operations and of all expenditures, more 
complete than has ever been approached, so far as I know, in this or 
probably any other country, aUd trhich, wbeU published in full, will 
give more trustworthy information as to the cost of wood preservation 
than has heretofore been obtainable. 

The data contained in these reports, which have been kindly fur. 
nished to me through Col. Edgar T. Ensign, forestry commissioner of 
Colorado, have been very usefnl in determining the comparative cost of 
the several processes now in use for the preservation of wood. 

Whether the use of glue and tannin in connection with the zinc 
chloride will prove a success or not, the works erected under Mr. Gha- 
nute's directions, and the methodical system of operating them initi- 
ated by him, will do. as much for the proper preservation of timber by 
mineral salts as Andrews, at Boston, and J. W. Putnam, in the South, 
have done for the proper application of the creosoting process. 

3. The Zinc-ffypgum Process.—The process was patented by Mr. Hagen, 
of Saint Louis, and is used by the American Wood Preserving Com- 
pany. In this process the timber is impregnated with a solution con> 
taining both chloride of zinc and gypsum. When the water of the so- 
lution evaporates the gypsum crystallizes and is exx>ected to stop up 
the pores of the wood, and thus prevent the washing out of the zinc- 
chloride. The question arises, whether a substance soluble in water to 
some extent like gypsum can be expected to permanently stop up the 
pores of the wood against the ingress and egress of water. It seems 
hardly possible that the gypsum would answer the purpose. The best 
that can be said for this process is, that if the addition of gypsum does 
no good it cannot do harm, and that if the wood is impregnated 
thoroughly with a solution of chloride of zinc and gypsum it will last as 
well at least as wood simply Burnettized. 

4. TIte Zinc Creosote Ptoeess. — A process haa lately been proposed by 
M r. Jas. T. Card, President of the Wood Preserving Works at Chicago, 
111., viz : To impregnate the timber first with chloride of zinc, and after 
partially removing the moisture from the wood to inject dead oil through 
the outer imrtions of it, thereby securing, as Mr. Card states, " all the 
benefits derived from the oil when lumber comes into contact with the 
ground, as well as insuring thorough treatment of the wood, throagh 
chloride of zinc, which is protected by the oil surrounding it, thus pre- 
venting \ts being chemically changed or washed out." 

The process seems rational, and would probably answer a good pur- 
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pose, if the necessaiy time and money caii be spared to thoroughly dry 
the timber atter itnpregnatiDg it with zinc chloride, and before lojectiDS 
the oil. 

COST OF PEESEETATION. 

In order to make a flair comparison of the coat of treatment with the 
different antiseptics now in use, I will assume that the same kind of 
timber and the same form, viz, that of hard railroad tiea, each coutaiu- 
ing 3.5 cnbic feet, is to be treated, aud that the quantity of antiseptic 
solation nsed, and the strength of the solution, are to be in conformity 
with the best practice, as developed by experience in plants of given 
size. 

a. CreoBOting. — Ausnming that two injection cylinders are to 1>e used, 
each 100 feet long and 6 feet in diameter, the total volume of each 
cylinder will he 2,800 cubic leet, aud it will have a capacity of nearly 
],400 cubic feet of timber (making allowance for volume of cars and 
interstices). The total plant required would cost, say, (180,000. If it 
takes twelve hours for a run, 5,600 cubic feet, or 1,600 ties (of 3.5 cubic 
feet each), can be treated per day; or, say, 500,000 tiea, or 1,750,000 
cubic feet, can be treated in a year. 

Taking the interest on capital (including repairs and renewal) at 10 
per cent., the item of interest on plant will be (8,000, or l.G cents per tie. 

Assuming the proper quantity of dead oil at 7 pounds per cubic foot, 
or 24.5 pounds per tie, and the cost of the oil at O.S cents per pound, 
the cost of material will be 19.6 per tie. 

The cost of labor and fuel chargeable to treatment alone, judging 
tiom the accounts kept at has Vegas, may be taken at abont $15 per 
run, or, as 400 ties are treated at once, 3.75 cents per tie, or 1.07 cents 
jter cnbic foot of timber. The total cost of creosoting a tie would be, 
therefore : 
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The cost of transporting the ties to aud from the works would of 
course have to be added, and profit, if the work is done by contract* 

I may mention, that the above price for the dead oil is smaller than 
has been generally assumed, this because lately I have been offered 
dead oil at ^ of a cent per pound. At that price the coat of creosoting 
would he only about 14^ cents per tie. 

If piles or timber were to be creosoted and impregnated with 20 
pounds per cubic foot, it would take about sixty hours for a run, and the 

* See Dot« of coat of creosoting in Frnuce ou page 73. 
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total uumber of rans per anuum would be 24f) (with 2 cylioders) ; the ' 
onmber of cubic feet of tiniber treated per annum, 3d0,000 ; the labor 
and fuel per run, $60, and the total cost of treating 1 cubic foot of tim- 
ber: Interest .on plant, ^ggJu=2,3 cents jier cubic foot; material(20 
pounds at 0.S cents), 16.0 cents ; labor and fuel, 4.3 cents ; total, 22.6 
cents, or about $19 per 1,000 feet B. M. 

b. Kydnizing. — If the impregnation is to be carried out in the ordi- 
nary way, by steeping, and if the works are to be of sufflcient capacity 
to treat 250,000 ties per annum, or, say, 800 ties, equal to 2,800 cubic feet 
of timber per day, and if the steeping is to be continued for 7 days, 
there must be tank room for, say, 20,000 cubic feet of timber. Allow- 
ing 1.3 cubic feet of tank-room for 1 cubic foot of timber, the total 
capacity of the tanks required will be 26,000 cubic feet, and if tanks 50 
feet long, 7.5 feet wide, 5 feet deep are used, about 14 tanks will be re- 
quired. 

The plant would cost probably $10,000, and on 250,000 ties the charge 
for interest on plant would be (at 15 per cent, in repair and renewal) 
0.0 cents per tie. 

If 0.06 pound of bichloride of mercury is used per cubic foot, or 0.21 
pound per tie (of 3,5 cubic feet), and the sublimate costs 50 cents per 
IK>und, the cost of material is 50x0.21=10.5 cents per tie. Labor and 
ftiel would be about 3.5 cents per tie, and the total cost of Kyanizing: 



Int«r«C on uplUI. . . 
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Bridge timber would have to be steeped during two weeks, instead of 
one, and as, therefore, only haJf so much lumber could be treated as in 
the case of ties, the interest on capital would be doubled, the cost of 
material and labor remaining the same ; the cost of treatment per cubic 
foot would, therefore, be increased only about one twenty-fifth, and 
would be 4.34 cents per cubic foot. 

c. Chloride of Zinc. — If ties are to be impregnated by steaming, vacu- 
um, and pressure, the cost of plant required (in connection with two 
injecting reservoirs) is about $40,000. Assuming the lime used for one 
run at 10 hours, 00 runs could be made per month with each cylinder, 
or 120 runs with the two cylinders, or 1,450 runs per annum. Taking 
4O0 ties per run, the total number of ties which could be treated in a year 
would be 580,000, equal to, say, 2,000,000 cubic feet of timber. Allow- 
ing 10 t>er cent, interest oncost of plant will give $4,000, or ^g;S^g=0.69 
per tie, or 0.2 per cubic foot. The cost of concentrated chloride of zinc 
(specific gravity 1.5) is about $2.60 per cubic foot. If the solution has a 
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strength, 1 in GO, 1 cubic foot of it will cost 4.3 cents, and if (he wood 
takes up 33 per ceut. (by vol.) of tbe solnttoD pet cubic foot, it will re- 
quire fi cubic foot of the weak solutiou, costing 4.3, ^f^=1.44 cents per 
cubic foot of lumber, or 5 cents per tie. Labor, at $10 per run, will cost 
tU,900 or 0.72 ceut per cubic foot, or 2J cents per tie. The total coat 
of this mode of preservation will, therefore, be: 
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d. Zinc Tannin. — If, in addition to chloride of zinc, glue and tanDin 
are used, the cost of material is increased by 2.5 cents per tie, and the 
cost of labor and fuel \, or 0.5 cents per tie, makiug the total cost 11.25 
cents per tie, or 3.3 cents per cubic foot. 

e. Sulphate of Copper. — If a solution of sulphate of copper, 1 in 100, 
was to be injected by the same process, the change in cost would be in 
interest on plant and cost of material. As such works would cost aboat 
$60,000, the item of interest would be increased by one-half. As to 
cost for materials, sulphate of copper can now be bought at 7 cents per 
pound. Adding 99 pounds of water, 100 pounds, or 1.5 cnbic feet of, 
the solution will cost 7 cents, or 1 cubic foot, 4.G cents. 

Again, if one-third cubic foot of the solution be injected, the cost of 
material per cubic foot of wood will be 1.5 coats, and the cost i>er tie, 
5.25 cents. The total cost of preservation would then be: 
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/. Solutione of Chloride of Zinc, or Sulphate of Copper, injected by the 
BoKcherie Process. — To treat 800 ties per day with zinc direct (pressure) 
by the Boucherie process, would require au investment of capital of 
about $5,000. The interest on this sum, at 20 per cent, (including re- 
pairs and renewal), would he $1,000, or on 250,000 ties, 0.4 cents per tie. 

The quantity and cost of the chloride of zinc and sulphate of copper 
would be the same as when treated by tbe modern process, plus one- 
quarter for loss of solution from treating round sticks and from leak- 
age. The labor would be 3j cents per tie, and tbe total cost: 
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iMTISEPTIC. 





Clilorideof 


Sulpfante of 
copper. 




Ferlit. 
8. SO 


PerK* 
ABB 








10. IS 


10.40 





If the impregnation is to be itrodiieed by suction, the coat of plant 
will be 112,000, the cost of the antiseptic the same as before, and tlio 
coat of labor also the same, since, although it requires two men to attend 
to the same number of logs which one man can attend to in the direct 
Boucherie process, tho treatment is completed in half the time. 

The cost of preservation by this method is, therefore, as follows : 

ANTISEPTIC, 





Cbloitdeofilno. 


SulptfltB of copper. 


Per tie. 


Porc..ie 


PertJB. 


Per cnbic 
foot. 


lDloreBt.rapik 


re, and renewal, 30 per cent . 


0.W 


0.28 
LOO 


0.0« 


0.28 
1.00 
1.00 






10.71 


3.08 


11.22 


3. IS 





( of preserBatioa of re 
IVolume of 



'ies wJtA dafferetd antUepUci and metkodn. 
onlio feet.) 



— 


MeUiodoftreiitmoiit. 


Tot^cost, 


Per tie. 


Per enblc 
foot. 


i. Deadotl 

7. Mp^te of capper 

O.'Snlphateofcopper 


Modem method 


35.00 
11. 2B 

lolia 


in 

2,30 
3.211 

±00 
3,00 

1!; 


uod^pJ^^"":::: 

Modernprocess 

Direct Boooherta 

Boncherie <enct.) 

Bonoherie (BQct.) 



As before stated, these estimates do not embrace the hauling of tics 
to and from the works. If the ties are destined for a new road just 
bailt, the preservation of ties by processes 2, 6, 7, 8, 9, iu which the 
plant can be moved from one place to another, saves the canying of the 
ties to distant works for treatment. No. 2, however, requires seasoned 
wood, and does not, therefore, offer as great advantage as the others. 
The ontirecost of this transportation might, iu some cases, amount to 5 
or even 10 cents i>er ';ie, 
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CONCLUSION. 



By ItowARi) CoNSTiiii.E, C. E. 



TLo ])raGticAbility anil economy of wood-preservation have been 
brought in question often, "because tbe processes have been conducted 
by dishonest contractors or have been based upou some unwarrantablu 
theory rather than upon any scientific priuciples. Nevertheless many 
successes have been achieved, and improvements have been made in 
tlie details of treatmeat and in mechanical contrivances to meet the 
conditions pecuhar to this country. The follwing table* of experiments, 
in a<1dition to those mentioned by Ool. FUmJ, is certainly encouraging. 

Both heje and abroad the durability of wharf and other timber sub- 
ject to severe exposure has been and can be at least doubled. The 
durability of piles and other timber subject to the attacks of the sea- 
worm Teredo can be prolonged three or four times. The possible econ- 
omy resulting from the use of treated Hemlock ties, instead of White 
Oak in their natural condition, has been estimated by Mr. O. Cfhannte 
as follows : For a road with about 2,000 miles of track, containing about 
5,000,000 ties, $250,000 in first cost every twelve years, and 1250,000 
each year in the average charge for renewal of ties. Some moderate- 
sized roads use as many as 400,000 ties a year, and have to get from 
ouc-quarter to one-half of them I'rom other territory than their own, 
which, of course, results in the railroads putting great obstructions to 
tlio shipping of ties out of tlieir own region, and necessitates going to 
g.eat distances for the extra supply. 

A few are familiar with all these facts, but the majority, and tbe 
e.; tnomists or business men, frequently realize them only partially, and 
d > not appreciate tbe importauce of the subject to themselves. We 
Bh ill be accomplishing much if we aid in giving these persons a com- 
prehensive and clear idea of it in its general bearings. 

One of the first things to be clearly understoo<l is that the field of 
wo .id preservation is a very large one, embodying many natural and 
a 'lificial conditions somewhat different in each particular locality and 
case. Everyone cannot preserve wood with advantage. It cannot yet 
be done cheaply enough for ties on a new road in a heavily wooded 
district, any more than we could use stone for depots in such a region 
■ See p. 98. " ~ ^— 
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Nor is there auy " cure-all " process \>y whieli any wood for any and 
every parpose can be preserved. Piles, whicli are cut to pieces by the 
Teredo within two years, require different treatment from ties to be 
placed in an ordinary road-bed, as the method of handling and traus- 
l)orting perishable freight mnat differ from that of ordinary freight, ne- 
cessitating more care and expense. Any system to be adapted to a 
variety of work and to give promise of economical resalts must have 
the harmonious co-operation of all concerned in its operations and 
faithful attention to details. Each one in any way connected with the 
work should have a general understanding of it, and a precise knowl- 
edge of his own particular duties and the limits to be observed. If this 
is not the case the purchasing agent may contract for timber quite on- 
suited to the purpose for which it is procured ; the superintendent may 
overlook the importance of ample facilities of operation ; the engineer 
may not comprehend the degree of treatment required, and the in- 
spector and workmen may become careless and so ruiu the work. 

The need of intelligent co-operation is here emphasized because it 
has been neglected frequently and caused processes in themselves good 
to be attended with unsatisfactory results. 

If a business man — the president, perhaps, of some company — thinks 
the subject of wood -preservation may have in it some benefit for him, 
or those whom he represents, his main inquiries are, What does it 
umount tof Will it pay? Will it make a conspicuous item of econ- 
omy! How will it affect our policy and dealings with others 1 Is it 
practicable in our case? 

The manager asks somewhat the same questions, hut inquires fur- 
ther, What are the conditions and necessities in our easel What is 
the best process and its costf What are the conditions for snccess! 
What faoilities have wet What rules shall be laid down t 

The engineer or foreman in charge wishes to know what precisely is 
the composition of each ingredient, what is the order and time of eaeh 
step in the process, what are the requisites and facilities, and what 
Btandard must be exacted in order to iusure success. 

Thus it becomes plain bow the physical and commercial divisions of 
the subject interlace and require to be iu accord. In order to select a 
process and lay down rules for the guidance of all connected with it, it 
is necessary to decide what puipose and exposure the wood is to be 
subject to, then to ascertain accurately all the conditions which prevail 
in the special case, and to determine the length of life that should be 
securotl. Questions like the following will come up naturally and al- 
most necessarily for answer : What is the name, quality, and cost of the 
wood to be used ; its use and exposure ; nature of soil and water j av- 
erage length of life; sources of injury, such as Teredo, notching and 
framing, cutting by the rail, etc. ; destroyed by what ! Cost of renew- 
als. Available woods for treatment. Cost of the same. Probable 
quality and condition. Iteceiviug point. Distributing point. Location 
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for {H-eserviiig- works. Capacity of i»lant. Cost of plant. Cost of op- 
erating. 

I may be irormitted to quote from tUe recent aud very instructive re- 
port on the preserratiou of timber, made in 1885, by a committee of the 
American Society of EDgineerB, after a careful and protracted examina- 
tion of tlie subject : 

" In view of the differing coat of the various autiBeptiCH used, and of the price of 
timber in this country, where it U atill inucli obeaper than iiiEQrope,ire believe tbat 
tbe method to be selected for prOHerving wood, if any, depends altDoat wholly upon its 
proposed subsequent exposure. 

" If the timber la to be eipoaod, in sea water, to the attacks of the Teredo navalit&ad 
lAmnoria tertbrani, there is but one antiseptic wbiuh can be used with onr present 
knowledge. This is oreoBote or ' dead oil,' and the ■mount of it nocesBary dependa 
upon the activity of the Teredo, or rather upon the lenfrth of time dnring the year 
when the tempetaturu of<the water renders tbem active. 

" In our northern harbors, probably 10 to 12 pounds of creosote to the cnbic foot of 
timber are auQIcioDt, but in southera aeas it is probably necessary to inject from 14 
to 20 pounds per cubic foot. 

"Whether it will pay to do this dependa upon so many local cironm stances in each 
case that this cannot welt bo discnesed here. If the timber ia to beexposed in a very 
wet aituation, creoaoting is also the best process to uae. It will cost from (10 to $30 
per 1,000 feet, b. m., or 35 to 60 cents per tie. 

" The selection of the oil, as well aa the quantity, ia of importance. It was for- 
merly believed that the antiseptic propertiesof dead oil arose from the preeoDce of car. 
bolic and cresylic acid, but a very able paper by Mr. S. B. BoultoD, the leading an- 
thority on creosotlng in England, read before the British luatitntion of Civil Engi- 
neera in 1884, seems to establish the fact that the preserving properties of dead oil, 
aaide from the mechanical effect in keeping out moisture, are chiefly due to 'acri- 
dine,' or one of the alkaloids or baaea now known to exist in creosote oila. 

" If the exposure is to be that of a railroad tic, creosoting ia doubtless the most 
perfect process to uae; hut in view of the expense, it may be preferable to nse a 
cheaper process, dependent somewhat upon the location, as away tVoni the seaboard 
creosote is not available, and transportation ia expensive." 

" Sleepers of Baltic Fir, unprepared, 9 feet long and 10 x 5 inches, generally cost, in 
England, about 90 cents each, unloaded, grooved, and piled; and creosoting adds 
about 34 cents to this. So that the sleeper costs about fl.l4 ready to go into the 
track, and is there laid with a chair under the doable-headed rail, so that the latter 
does not cut into the wood. These aleepera, therefore, iaat 18 to 20 years, while in 
this country they would probably be cut into by our foot-rail in from 12 to 16 years; 
and, moreover, as the first coat of our tiea, of corresponding timber, say hemlock or 
monntaia pine, is only from 25 to 35 cents, we cannot afford to spend an equal snm in 
preserving them ; and creosoting is notoriously more expensive here than in England. 

"With onr present knowledge, and as a result of this investigation, we believe 
that Burnettizing is the advisable process to use for tiea at present in this country. 
This, if well done (and it is nearly useless to do it otherwise), will cost 20 to 35 cents 
per tie, and a discussion of the economical reeulte to be expected therefrom wiU be 
found in Appendix No. 17. 

" Good results may be accomplished with aulphate of copper, but not only does this 
salt render wood brittle (more so, it is believed, than chloride of zinc), but as the 
copper attacks iron vessels, its nse necessitates preserving cylinders of copper, and 
requires an expensive plant. 

" The great defect of all mineral salts is that they are easily soluble in water, and 
BO wash out in time, and leave the timber unprotected. Hence the many attempts to 
patent some method of retaining them in tbu wood. What these may be worth moat 
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be Cetermined by time, bnt the desirable combiuatiun for tkia coimtry would aeom to 
be tlie impregnation of the inatde of the tie witb some uotalliu aalt to poison the 
f^rms of decay, and a thiu coat of creosote oatside to repel tbe iatrusion of moiBtnre. 

"If tho timber is to be exposed in a comparatively dry situatioD, as in bridges, a, 
troBtle, or a fBQte, the rcaultfi of tltis investigation indicate tbat Kyanizing ia a good 
process to nee. It does not seem to impair tbe etroiigtb of tbe timber us luach as 
Bnmettizing, and tbe latter accordingly is not reoomtueudod for tboae partu of struct- 
ures (cbords, ties, etc.) wbicb are to bear tensile strains. 

"Kyanizing costs about $6 per 1,000 feet, b. ni., and success witb it canuot be ex- 
pected nnlesB the work be well done. Cantiou will need to be observed in carrying 
it ou, OS corrosive sublimate ia a violent poison. 

"CondUionao/attcoei).~-YoiiT committee will tberefoi-o attempt tostat« tbe principal 
couditions to be observed to achieve success, so far as tboy bavo been discloaed by this 
investigation. 

" (1) Select tbo appropriate process, iu view of tho subsoquent intended exposure 
of the timber. 

"(2) Select the nioru open-grsiued, porous, and sappy varieties of wood to operate 

"Antiseptics penotratu but little into the dense structure of White Oali, Burr Oak, 
and Yellow or Heart Pine, aud are of doubtful utility for White Pine, CLesUiut, or 
Spruce, while they readily improf;uato and preserve tbe following varieties of wood : 
Heuduck, Sweet Gum, Mountain Pine, Loblolly Pine, Black Oak, IE«d Oak, GrayOok, 
Water Oak, Beech, Poplar, Ash, Sour Oak, Coltonwood, Maple. 

"The cheap woods, on the contrary, can be made to outlast tho best woods in their 
natural state by a thorough artificial preparation. 

" For railroad ties it will be advisable to select the harder kiuda of wood to guard 
them against cutting into by the rails, especially upon curves. Preservation, how- 
ever, materially adds to the natural hardness of timber, and it is found to resist cnt- 
tiug by the rail, under ordiuary trafflo, iVou Vi to 16 years. 

" (4) Extract the sap and water, as far as practicable, before iujec ting the preserva- 
tive. It is obvious that a liquid solution cannot bo forced in unleaa there is a place 
ftir it, and yet moat of tho fiiilui-es of valuable niethoda can lie traced to neglect of 
thia obvious requirement. Timiier must be well seasoned uitber naturally or artifici- 
ally before the antiseptic is injected, except in tho case of the Bouobecle process, 
which can only be applied to freshly cut logs. 

"The Europeans operate, as has been stated, upon timber which has been cut and 
seasoned six months or more, and hence they find little trouble in injecting the so- 
latioUB. In this country we most operate chieHy upon greeu or freshly cut tiui- 
ber, and hence must resort to steaming, if we use the pressure method of injeetiou. 
Very good results are acomplishod by steaming, but the work mast be well done, 
and at such heat and pressure as not to injure tho Jiber, 

"(!>) Put in enough ofthe antiseptic to accomplish tbe desired result, aud make sure 
that its ((uality and strength are such as neither to injure the fiber of tbo wood uor 
to leave it anproteoteil. 

"(6) After the wood is prepared allow it todry asuiuuh as practicable before using, 
I tB' durability will be materially increased by getting rid of surplus moisture. 

"(7) Let.there be no undue hasleiu currying on tbo work. This is sure to result in 
unsatisfactory preparation. 

" (9) In laying prepared ties or timber in the track protect them from moisture or 
water, a« far as practicable, by draining tbe road-bed. 

" (9) Contract with none but reliable parties. As an inspection subsequent to the 
doing of the work, abort of chemical analysis, does not establish the fact whether it 
has been well done, and the results cannot be detected for some years, there will al- 
ways be a great temptation to do bad or careless work under contracla. The safe 
course, therefore, for those wbo decide to have timber preserved is either : 

" (o) To do tbe work themselves, uuJer the supervision of experts; (ifiolc 
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" (b) To cuntruct it ut a Bit£Bciunt price to houest and gkillful pBrtJcs, keeping aa 
inapectoT at the works to note the daily working when tlie magnitude of the ordei 
will worrKDi it; or, 

"(o) Contract the workonaachterniB that the promts gIio£ depend npon the results 
accomplished in preserving the wood Against decay. 

" JFiii itpasf—Tbe question as to whether it will pay to preserve timber against 
decii; seems to have been answerecl very positifcly iu the affirmative In Earopo. 
Tliere seems to be, iudeed, no longer any questiou there about it; preservation la 
looked upon aa quite a matter of course, and public works which fail to avail of it are 
alluded to as neglecting an important economy. 

" Iu this country, preservation of wood. (except iu an experimental way} has been 
the rare exception, but the time has probably arrived wheu, in many sections, an 
economy of SO to 50 per cent, a year can be obtained in the maintenance of timber 
structures and cros.f-tios by preparing them artificially to resist decay, while in other 
sections timber is still too cheap to warrant spending money to preserve it. 

" This depends upon the price. Thus, where a White Oak tie costs 25 cents and lasts 
eight years, If we spend 25 cents in preparing it so that it will last sixteen years, 
we but double the life as well as the coet, and save only the expense of taking the 
old tie out and ]>lactug the new tie in the track at the end of the first eight years, 
if the price of the ties in the meanwhile continues the same. 

" If, however, thu Oak tie costs 75 cents, and we can substitute a Hemlock tie, which 
uuprepared would last three and u half years, and cost 3D cents, and hy preparing it 
extend its life to twelve years, at an additional cost of 25 cents, or even more, we 
then have a notable economy, both iu first cost and in duration. 

" Iu the case of piles, which are cut off by the Teredo in oue or two years, as occur^ 
in our sonthem harbors, the case is plain. They must be creosoted, or great waste 
aud increased expense will result. In cases where they last eight to tcu years, as iu 
some notthern sections, it will depend partly upon the value of the structure which 
the piles sustain whether it will pay to creosote them or not. 

" III thu case of bridges and trestles, much will depend upon the exposure, aud tUo 
cost of uiointeuauoe, aa well as upon the proximate exhaustion of suitable timber iu 
the vicinity, and upon contemplated permaneut renewals ; while in the case of build- 
ings, platforms, doors, &c., the ordinary wear from trattle will also have to bo takeu 
into account. 

"The most important factor will be the exposure (wet or dry) and consequent rate 
of decay. Thus all brewers find it very economical to preserve their floors; and mills, 
hloacheries, dye-houses, Ac, largely resort to artificial preparation of timber becunso 
of their exposure to sloppiug of water, aud consequent moisture in heated apart- 
ments. 

"The engineers and managers of the several works, therefore, will have to figure 
up for themselves, in view of the local circumstances. of their case and the present 
aud prospective price of timber, whether the economy of artificial treatmeut is aufti- 
ciently attractive to induce them to resort to it. 

" The great consumers of limber are the railroads, and the managers of such enter- 
prises have to be governed by a good many eons i derations, both of finance and of os- 
pedieucy, besides those of eventual economy. 

'' Hitherto, aside from the past cheapness of timber, the jirincipal objeutions to its 
preparation against decay have been the lack of iuformation aa to what resultscoutd 
be confidently expected, and the conflicting claims of the promoters of various rao<les 
uf treatment, each of whom represented his process as absolutely the heat under all 
circunistaucea. 

"Railroad luauagets naturally want to obtain imniedtate returns. They do not 
like to burden the revenues of the current year for the benefit of future administra. 
tiona, aud they are with reason jealous of every dollar that goes ont now, oven if it 
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promises to BaTe$j or jli intbefnturo; j'et, oowtkat close competitina roq aires ovory 
possible economy to be availed of, that railroads must more largely depend upon sav- 
ing money in tbeii main ten a:ice, in order to continue or to resume their dividends, 
aiid tliat companies in good stitnding can obtain new capital for expense -saving ap- 
pliances at4} or 5 percent, a year, tbe time lias probably arrived « in view of advancing 
prices aod scarcity of timber, when some leading railroitds will take steps to pre- 

" Privy COLlnoitlor funk estimates tbat in IS7H, out of sixty milliods of sleepers on 
the Oerraan railroads, twenty-five aiillions were impregnated, and tliat even with the 
extraordinary longtb of life stated for nnprepared ties (13.6 years for Oak and 6.1 for 
Fir and Pino), bad the remaining tbirty-five millions of ties been impregnated there 
would bave been a resulting economy of about f 1,000,(XX) a year, or some 33 per cent, 
on the cost of renewals. 

" This estimate is aaderstood as having resulted in a niaterial extension of tie-pre- 
serving in Qormany, notwithstanding tbo fact that metallic ties have already been 
largely introduced in tbat country, 

"As regards the latter, asimplecalculationshews tbat the time has not yet arrived 
wben tbey can profitably be introduced in this country. Tbey will cost, laid in the 
track, aboat 12.50 each, and were they to last forever <the estimated life in Germany 
is twenty to forty years) the interest on the cost, at I> per cent., would be 12} ccnt« a 
year a tie, or more than the annual charge of an nnprepared White Oak tie, costing 77 
cents in the track, and lasting seven yoars. 
21753 FOK 7 
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REPORT ON WOOD-CREOSOTE OEU 



Bj William 11. Bixdy, 
Captniii of Engineers, U. S. A. ; 
:r of tlio Aiiiericao, Uritisb, and French Societiea of Engineera; 
Member of tbe Amoricnn and British A. A. S. 



riie SoutliCTu Fii]e (Piny 8 paluslris, Liun.) has already made a brill- 
iant record for itself in tlie past Ibroagh its valuable products in the 
sliai>eofturpeiitine,pitcIi, tar, and rosin ;buttliere remains for it a much 
more brilliant career in tbe future tbrougU its newer products wood- 
creosote oil and pine-leaf fiber, tlio oil being used mainly for preserving 
lumber, and tbe fiber for tbe manufacture of pillows, mattresses, and 
carpet matting. 

The wood-creosote oil industry is at present carried on in the South 
mainly by tbe Carolina Oil and Creosoting Company, and Creosote- 
Lumber and Construction Company, of Wilmington, N. C, and the fol- 
lowing description of tbe products and processes is based upon the 
practice of the latter manufactory. 

Creosote is a general name applied to tbe oil products obtained by 
the destructive distillation of wood, coal, and other carbonaceous fuels 
after the temperature has risen above 200° or 30(P F. If obtained by 
tbe distillation of coal, or coal-tar, this creosote is termed "dead oil," or 
coal-tar creosote-oil ; if obtained from the distillation of wood, or wood- 
tar, it is termed wood-creosote oil. 

Heavy resined, "fatty pine" wood, subjected to a heat of from 200° 
to 760° F., within closed iron cylinders, yields by distillation and con. 
densation : (1) a wood-gas; (2) a small amount of wood naphtha; (3) 
a large amount of pyroligneous acid ; (4) a large amount of wood-creo. 
eote oil; (5) a small amount of wood bitumen ; and (6) a large amount 
of charcoal. Nine cords of good wood will yield a few gallons of naphtha 
and bitumen, 14 barrels of oil, 10 barrels of acid, and 168 barrels of 
charcoal. 

The wood-creosote oil produced by this process is a dark, brownish, 
blackoil, slightly heavier than water (3° to 4° Baum^), with a strong 
creosote odor, and possessing valuable antiseptic properties. Upon an. 
alysia it is found to contain about 5 per cent, of tar acids, about 15 per 
cent, of lighter oils, and 80 per cent, of heavy oils, which are insoluble 
in ether, fresh, brackish, or salt-water. This oil is an efficient poison to 
minute animal and vegetable life, and possesses an odor apparently in- 
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tensely disagreeable U) such life ; it thorongbly repels moisture, and its 
tar-acids possess the power of coagulating aibuminons and other fer- 
mentable matter. When properly jirepared for sueli nse it has been 
found to lie an excellent insecticide to be employed on trees and smaller 
plants, especially for the destruction of larvie attacking rose bushes, as 
also for destroying vermin on animals, in the cracks of floors, and in 
wooden buildings, and one of the best possible oils for preserving lum- 
ber and piling. 

Experience in England* and in the United States t is anaoimous in 
agreeing that creosoting is the only reliable method, so far tried, for 
preserving timber when exposed to salt water (and the Teredo worm), 
or to alternations of wetting and drying by either fresh or salt water- 
This experience also shows that the preservation of the timl3er is due 
mainly to those creosote oils which require over 400° F. for their vol- 
atilization, and that the pare creosote (with less tar-acids and with less 
light-oils) gives the best results. 

Wood-creosote oil is much less expensive, and in many ways much 
more valuable, than the ordinary dead oil or coal-tar creosote oil here- 
tofore used for such purposes as the preservation of timber. Wood- 
creosote oil contains all the acids needed Xa properly coagulate the al- 
bumen and sap which may be left in the timber, and to thoroughly de- 
stroy and prevent all further animal and vegetable life ; it is of such 
nature that it will penetrate the wood both deeply and thoroughly ; it 
contains a large proportion of insoluble matter, and especially of those 
oils which volatilize only under a heat of over 400° F. ; and being de- 
rived from wood, it is especially adapted to use with wood. 

In all these particulars, as well as in its less cost,J the resinous wood- 
creosote-oil is superior to the bituminous coal-tar creosote-oil (or dead 
oil), and, dollar for dollar, it will give far sui)erior results in the preser- 
vation of timber from destruction and decay. 

Applied with an ordinary brush to wooden or metal surfaces of all 
kinds, two ooata of this oil (with an interval of two months between the 
applications] will effectually preserve these surfaces from wet and drj'- 
rot, from rust, and from the attacks of worms and insects. Forced into 
the wood by hydraulic pressure, this oil will fill all the pores of the wood 
and extend its coagulating and antiseptic effects entirely through the 
wood to its very center. The good results obtained by the use of this 
wood -creosote oil have been thoroughly tested by the experience of five 
years in Mr. Mark's ship-yard, at Charleston, S. C, and at Mr. W. H. 
Northroi>'s bathhouse, at Greenville Sound, near Wilmington, N. C, 
both places being such that untreated wood is badly damaged iu a 

"See ProoeedingBof loHtitution of Civil Engiueera for 1885. 

tSoe ProceedingB of American Society of Civil Engineera for 18K>. 

t II is to be regretted that the cost of treating wood witli this wood-creoaote oD has 
hot been given, so as to admit of a comparison on a finaocial basis with the processM 
outlined by Colonel Flad. An effort to obtain the samo has eo far proved iiDBnccesa- 
fiil.— B. E. F. 
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single eeasoQ »y rot and by the ravages of the Teredo. A log treated 
with this oil, aud driven into salt-water, at Key West, Pla , in October, 

1885, by the United States engineers, iu February, 1887, was foand to 
be nntoached by the Teredo, althongh nntreated logs were attacked 
by it in sis weeks after they were driven. Similar results were ob- 
tained at about the same time by the United States engineers at Charles- 
ton, S. C, aud at Pensacola, Fla. 

The eotnparative invulnerabilty to fire possessed by wood that has 
been treated with this oil has been proved at the burning, in the fall of 

1886, of the Atlantic and Horth Carolina Railroad wharf, at Morebead 
City, N. 0., where the creosoted fender-piles remained almost without 
damage by the fire, while the wharf and shed next to them were burned 
down entirely. Live coals and ordinary flames are unable to kindle any 
fire in wood impregnated with this wood-creosote oil. 

The pyfioligneous acid produced during or just before the distillation of 
the wood -creosote oil is alight-colored,Tinegar-like liqaid,slightly heavier 
(4o to 7° Baam4) than water, and also slightly heavier than the wood- 
creosote oil. This pyroligneous acid, in its crude and nndilnted state, 
is aa excellent and inexpensive disinfectant, immediately arresting pu- 
trefaction and preventing any further development of the disagreeable 
and nnhealthy odors arising there&om. It is equally if not more effi- 
cacious than carbolic acid, as well as being free from odor, which makes 
that acid so disagreeable (at least to many), and it is nearly or quite 
as efBcacious as corrosive sublimate, and is &ee from the poisonous 
qualities of this chemical. It is an excellent remedy for skin diseases 
in animals; makes good vinegar and alcohol, and is said to preserve 
meats for an indefinite time. As a disinfectant it has been used in large 
quantities and with great success in the streets, stables, privies, etc., of 
Wilmington, X. C, under direction of the city authorities. 

The charcoal produced by this process is one of fine quality and of 
remarkably even texture, well adapted for nse in the smelting of iron, 
as well as for ordinary fuel. When finely pulverized (as at the Wilming- 
ton works) it can be advantageously used in the place of lamp-black iu 
the manufacture of paints for the preservation of wood, as also for the 
preservation and insolation of metals. 

As will be seen from the above the most important product of the 
distillation of pine wood is the wood-creosote oil, and the most impor- 
tant use (commercially) of this oil is as a preservative of timber and 
lumber. 

The general features of the process of distillation and subsequent 
use of this oil are as follows : 

Ordinary "light woo<l" (or "fatty pine" wood) is cut up into sticks 
of about 4 feet in length, and about five cords of these sticks closely 
packed inside of a large cylindrical iron retort. The doors of this re- 
tort are then closed and hermetically sealed. A fire is then built in the 
furnace under the retort, and the heat and flames are directed as uni- 
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formly as possible all around the outside of tbe retort. As tlie teiu- 
l)erature inside tbe retort increases from 100° to 700° F., the liquid and 
some of tbe solid portions of the wood are converted into gas and 
vapor, and pass oat of the retort throngh a copper "worm" inclosed 
in a cold-water tank and are collected in the form of wood-gas, naptba, 
acid, and oil. When the oil ceases to rnn, the fires under the retort 
are put out, the bitumen is drawn off throngh a tube coming from the 
bottom of the retort, and the latter is then allowed to cool off. As soou 
as possible, therefore, the doors of the retort are opened and the char- 
coal raked out. The operation is thus finished, and the retorts are 
ready for a fresh charge. 

Timber and lumber which is t« be treated with this oil must be first 
prepared to receive it. Timber is taken directly from the river by large 
derricks, is landed on the wharf, is stripped of its bark, and then ex- 
posed to the sun for a week or ten days to dry. At the end of this 
time it is placed (one stick at a time) on tracks, is rolled into the car- 
bonizing cylinder, is there exposed from about ten to twenty minutes 
to an intense radiated heat, and is then withdrawn charred to a depth 
of one- fourth of an inch, thoroughly dried to a depth of three-fourths of 
an inch, and thoroughly heated to a depth of several inches. 

The carbonizing cylinder consists of a wrougbt-iron cylindrical tube 
about 21 feet long by 28 inches in diameter, set in a brick furnace, 
fired at the side and midway of its length, tbe cylinder being brought 
to a proper and uniform heat by means of a wood flro, the heat and 
flames of which pass by vertical and horizontal flues along and all 
around the cylinder.. The cylinder is further provided with a small rail- 
road tra«k and iron carriage on tbe inside, for the convenient handling 
of tbe timber. Sawn Inmber is not usually charred, bnt is sometimes 
kiln-dried or semi-charred ; the objection to the charring being that it 
destroys tbe sharp edges of the lumber. Tbe charring or carbooizing 
of the process, therefore, consists in taking the timber and subjecting it 
to a dry radiant heat within the suitable cylindrical surfaces in such 
manner as to drive out of the timber most of its sap and albuminous 
matter (ordinarily about five pounds to the square foot), drying the 
inside of tbe timber, charring its outside, and leaving the wood with its 
l)ores open and in condition to be completely filled with the wood-creo- 
sote oil thereafter applied to it. 

Gbarred timber, once thoroughly carbonized, will not crack under 
subsequent exposure to the sun and air. If further properly treated 
with wood-creosote oil, it will withstand all attacks of atmosphere, 
moisture, and auimal life, and will last for years anywhere. 

This process for carbonizing and creosoting timberis such thatit does 
not injure the fiber of the interior of the wood. It is one of tbe sim- 
plest, cheapest, quickest, mostcffective, and most successful processes so 
farknownforartificially seasoning and preserving wet or green timber, 
in c^es where the want of time or uioney do not allow a thorough natp- 
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ml seasoning of at least six mouths' exposura to the atmosphere. Al- 
though other and improperly applied methods of dry-heating and after- 
creosoting may render timber brittle under the pile-driver, none of the 
timber so far carbonized and wood-creosoted has proved objectionable 
from this cause. On the contary,the wood-creosote restores the tough- 
ness and elasticity to the charred wood, so that this method has given 
great satisfaction wherever used, as, for example, at Aspinwall, Pan- 
ama, nnder the Panama Canal Company; and at Charleston, S. C, 
under the Northeastern Bailroad Company ; in both cases under cir- 
cumstances extremely unfavorable to the life of the timber. 

After the wood hE>^ been carbonized or kiln-dried, it is loaded upon 
trucks, which, with their load, are rolled into the creosoting cylinders, 
respectively of 05, 75, and 90 feet in length, each with a diameter of 
G feet. The doors of the creosoting cylinder are then closed for from 
four to fifteen hours, during which time the temperature within the cyl- 
inder is raised by dry heat to from 140^^ to 1G0° Fr., a vacuum of from 
9 to 24 inches is kept np by means of a vacuum-pninp, and the sap, al- 
bumen, and other impurities are thus thorouglily extracted from the 
wood and pumped out of the cyhmler. 

The vacuum-pump is tlien stopped and a force-pump put to work, by 
which the cylinder is filled with hot wood-creosote oil, nnder a pressure 
of from 65 to 100 pounds per square inch, this pressure being constant 
from four to eight hours, a^cordiug to circumstances. By this part of 
the process from eight to twenty pounds of oil are forced into each 
cubic foot of wood. The pressure is then relaxed ; the unabsorbed oil 
is then run o£f into outside tanks, the doors of the cylinders opene<^l, and 
the impregnated timber^ still on its trucks, is rolled out. 

This treatment with wood creosote oil, as above described, has been 
favorably reported upon (March 18, 188G) by a special board of United 
States Navy officers; and the wood so treated has had an extensive use 
already upon the Government wharf at Charleston, S. C, at the jetties 
at Port Eads in the M. T. and E, P. Inclined Railway at Cinciuuati, 
Obio, as well as in many other less important places and structures. 

Treatment with this oil is especially valuable to wood that is to be 
used in the construction of bath-houses, wharves, docks, quays, piers, 
railroad bridges, railroatl trestles, wooden pavements, fiats, lighters, 
scows, ship spars and masts, ship decks and bottoms, or used in rail- 
road cross-ties, foundation sills for houses, piazzas, porches, floors, 
fence-posts, and telegraph poles. No cases have yet been discovered 
where either rot or Teredo has attacked wood that was thoroughly ini- 
pregnated with this wood-creosote oil, 
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lu the oxi)erimeDtB reoeiitly made by Dr. Boelitnc, to ascertain the 
relative effect on impregoated and natural wood, samples of various 
treatment demonstrated that impregnated wood ab8orl>ed much less 
water than the natural wood. Increase in volume iu consequence of 
absorption of water was leas in the impregnated tliau in the natural 
samples. 

Test« of the bending strength of tbe samples showed that those im- 
pregnated were stronger by 15 per cent. Resistance to compression was 
greater by aboat 22 per cent, in the case of the impregnated samples. 

It would appear of interest to state here that by creosoting tbe 
strength of the timber is also increased. The fbllowiut; results confirm- 
ing this view are taken from some experiments which were submitted 
to tbe British Civil and Mechanical Koginecrs' Society souie time ago. 
The sizes of tbe pieces tested were 2 feet 6 inches by 2 inches by X^ 
inches ; the pressure was applied midway between supports 2 feet apart. 
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OABBOLINBUST 4B A PEOTEOTIOH AGAINST THE DECAY OF WOOD. 

According to F. Eiigel, Government surveyor of buildings, painting 
wood with carbolinenm as a protection against the weather and rot 
gives favorable results. The Imperial Government surveyor of build- 
ings also confirms this statement in a certificate under date of January 
19, 1885, in which he states that on the imperial roads wood- work used 
in underground construction during the years from 1870 to ISS.'i, when 
painted with carbolineum, had no decay up to date of certificate. 

For tbe sake of exijcrimciit, t\fO pieces of pine wood, taken from tbe 
9{ime plankj were thus treated : The first was painted with carboUuenni, 
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while the second was left in ita natural state, and both placed in the 
ground under tlie same conditions. At the end of three years the 
painted specimen was found to exhibit no signs of decay, but the nn< 
painted one was in a rotten state. 

The district surveyor of buildings inclines very favorably to the use 
of carbolinoiim on buildings in the water, and on sluice-gates, dam- 
barriers, piles, posts, esx>ecially when the wood is kept wet or dry, or 
by turns wet and dry. 

It is fonnd that carbolineum is cheaper than the semi-fluid tar. For 
an area of six square meters one kilogram of carbolineum is ordina- 
rily used; and its superiority over tar is shown by the fact that even 
the largest manufacturers, where tar is a by-prodnct, and the use of 
wbich costs nothing, are coming to use carbolineum. 

It is t^est and most advantageous to paint with hot carbolineum, for 
in this state it is more fluid than when unboiled, and for this reason 
penetrates into all cracks and openings, at the same time dissolving any 
resin or oil present ; it also disinfects more energetically in a warm stat« 
than in a cold one. In warm weather, and on wood when the surface 
is not bnried in the earth, it is necessary to give a thicker coating of 
the unheated oil, especially as it can be repeated after a while. Wood 
that is not completely air-dried must always be treated with hot car- 
bolineum. All the wooden posts of bridges that are exposed to changes 
of wet and dry, as well as their gravel -covered layer of planks, are 
painted with two coats of hot carbolineum. All knotty wood surfaces 
mnst be very carefully treated, applying only so much as will be readily 
absorbed. The knotty surfaces of wood being the places where the 
ducts open, these are thus the very localities where the decay and de- 
struction from lower organisms begin, and it is on this account that they 
must receive special protection. One kilogram of carbolineum (which 
comes in casks of about two hundred kilos. ea<;h], costs 0.3 marks=7 
cents. 



ANNUAL CHARGES FOE TIES. 

By B. E. Ferncw. 

There appears to have been some difficulty experienced by engineers 
iu coming to a conclusion as to how difl'erent processes ought to be com- 
pared in regard to the annual charge, which must vary according to the 
difi'erence of the initial cost of the ties and the difiereuce in the number 
of years that they will last, and, in addition, to the frequency at which 
the expense of renewal recurs. The difficulty, it seems, need not exist 
at all, and can be removed by the application of simple mathematical 
formulas and mathematical deductions, and put into a form which will al- 
low a ready comparison of the annual charge for ties of different prices 
and varying conditions. For this purpose' the following tables h^T9 
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been conatructed, wliicli give aiiswer in a conveuient maaner to many 
questions that may be put in conueetion with the matter of ebarges. 

From Table I. we flnil, for iostauce, if we pay iO cents for a tie, the life 
of which is sis years, making the annnal charges 7.88 ceut8,thatwecan 
afford to pay 15 cents per tie in addition for a process that ^ill lengthen 
its life to nine years ; or, if we pay 25 cents for a preserving process, 
making the initial cost 05 cents, the life of the tie must be increased to 
at least eleven years in order that it may not increase the annual 
charge. Or if an oak tie, lasting eight years, can bebought for 50 cents, 
it wonld be cheaper to bny hemlock at 30 cents, thongh it may last bat 
live years. 

Tlie formula used in the coustrnctiou of Table I. is that for the capi- 
talization of regular annual rents, and, by transposition, assumes the 

form, r= ,,--„-^j— 0-Oj), in which r=rent or annual charges; Recap- 
italized rent ; p=rate of interest ; ''=the number of years for which the 
charge is to run; and 1.0 p= — j-tt— . p is taken at 5 per centum, but 
as the table is intended only for purposes of comparison, the rate of in- 
terest is really irrelevant, except to allow a statement of the amount of 
saving or increased expenditure effected. 

In this table no account is taken of the reduction in annual charges 
due to the less frequent expenditure for renewal with ties of longer du- 
ration. For thia a separate calculation and addition are necessary, for 
which the figures are given in Table 11. 

For the expense of renewal occurring in stated but not at yearly in- 
tervals, the formula for the capitalization of intermittent rents is appli- 

E 
cable, which Viy transposition appears as r= n i^ZTT*^'^ P' "^^^ 

each cent of such expense, then, the amount which appears under the 
year at which renewal becomes necessary should be added to the an- 
nual charge found in Table I. Example: An oak tie costing 50 cents 
in the road-bed, and lasting eight years, would make an annual charge 
of 7.74 cents ; the extra expense for renewal every eight years, at 10 
cents per tie, would increase this annual charge by 0.105 x 10=1 .05 cents, 
or total annual charge equal to 8,79 cents. The same tie, by creosot- 
iug, made to last sixteen years, in order to keep the annual charge the 
same, may cost 00 cents, for annual charge due to cost of renewal 
0.042x10=0.42 cents. Charge on cost of 00 cents, 

8.30 cents, 

8,72 cents, the total annual charge, 
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Appendix No. 3. 
METAL RAILROAD TIES. 



By B. E. Febhow. 



The foUowiag notes on tlie subject of metal ties were gatliered from 
nuinbei'H of leading technical journals [largely foreign and therefore 1^8 
accessible), and represent opinions and experiences of competent rail- 
road engineers, also what little experience and information conld be 
gathered from American practice. If, therefore, statements on some 
points seem not to harmonize, it mast be inferred that opinions of goocl 
anthorities differ as. to those points. Hardly more than the arrange- 
ment of matter is claimed to be original. The object of this compila- 
tion is to present in a ready form for reference the scattered data, 
and to aid tbe railroad managers in forming their opinion as to the 
advisability of employing the snbstttiite for wooden ties on their own 
roads." 

In tbe foregoing report, to which these notes form an appendix, it 
has been shown that the railroads of this country consnme yearly 
about 75,000,000 wooden ties, having an estimated actual cost value of 
at least $25,000,000. 

This consumption forms no inconsiderable drain upon tbe forests of 
the country, and the need of economy in the use of these resources 
should secure a ready welcome to any substitute for wooden ties, at 
least in an experimental way. Mr. C, P. Saudberg, the well-known 
expert in railroad matters, says : "The enormous consumption of wooden 
ties and their rapid decay, particularly in hot countries, make the use 
of metal ties desirable, especially with the decreasing price of metal 
and the greater expense of woodeu ties. The substitution of metal ties 
for wooden ones is of course entirely a question of locality and of price." 

Although the impregnation of ties does somewhat retard the process 
of decay, yet the use of wood for railroad purposes cannot be considered 
satisfactory. 

'The jonmals consulted are inninly Sdmeizeriscbe lianzeitnog. Organ fUr Forfr 
Bcliritte dee KiBenbahnivesenH, lievuo G<!n<Sralo desCliemins de fer, Glaser's Annalen 
fur GewerUe und Bauwesen, Congrts des Cliemins de fer il Brusclles, compte lendn 

giSdfiralo, 188C. 
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Clianging coaditions of weather, by repeated soaking and dryiof; of 
the tie, inevitably induce change of volume, and therefore alone make 
a safe fastening of the rails to a wooden tie problematic. 

To this add the also problematic capacity of the fastenings, whether 
spikes or bolts, to secore the rail. 

Further, there is to be considered the very unequal capacity of re- 
sistance which ties show, according not only to the kind of timber, but 
to the locality from which they come. This difference of quality de- 
pends on a number of inflneuces, such as the conditions of the soil on 
which the tree has grown, the age of the tree, as well as the season of 
its felling, and cannot be overcome by impregnation or otherwise. 

Quite different are the possibilities in this respect with iron or steel 
as materia). 

The anevenness of the track, produced by varied behavior of the 
ties, works detrimentally also oq the rails and on all parts of the road- 
bed, so that for safety as well as efficiency and ultimate economy alone 
the metal superstructure deserves consideration. 

From a railway point of view the introduction of metal ties recom- 
mends itself as affording additional revenue, if otherwise the cost of 
first construction and of maintenance is satisfactory, /or the manufac- 
ture of a ton of steel ties creates a traffic over tJie railways of two tons of 
raw material. 

The first introduction of metal (then iron) ties dates back probably 
to the year 1864, when the Brunswick railways in Germauy laid test 
lengths of longitudinal iron stringers, so that an experience of over 
twenty years, valuable on some points at least, is afforded. The Dutch 
and Swiss companies followed soon with improvements in the system 
of construction, and the use of this substitute has been gradually ex- 
tended, so that now all the railroad companies of Holland have intro- 
duced metal ties on their lines. 

In order to make the first introduction of metal ties possible, it was 
necessary to make the initial cost of the longitudinal tie (Hilf system) 
as near that of the wooden structure as possible ; consequently they 
were rolled unduly thin, the rail also was made weak, and thus break- 
ages were not uofrequent, creating distrust of the system. The at- 
tempt to remedy this by increasing the weight of ties from seventy- 
seven to one hundred and sixty-five pounds failed on account of the 
increased expense. The same £ite attended the attempt to strengthen 
the tie by riveting or bolting to it plates for the rail to re8ton,becanse 
of Increased cost and less secure connection between rail and tie. 

Two systems of metal superstructure have been used in practice, the 
longitudinal and the cross-tie. 

The lirat metal ties were constructed upon the longitudinal system 
(Hartwich, Hilf, Scheffler), and even to-day, after nearly a quarter of a 
century of trial, opiuious as to the superiority of one or the other sys- 
tem are wide apart, though latterly preference seems to favor the 
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cross-tie plan. The longitudinal ties, which were at first thougiit to be 
the only possible form, are abandoned gradually for crosa-tiea. Statis- 
tics as to the nae of metal cross-ties on the Continent in 1885 were 
given before the Ilailroad Congress at Brussels as follows : 
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One of the Swiss companies — the North Bastern liailway of Switzer- 
land — has definitely adopted metal cross-ties €or all new roads and the 
renewal of old ones. 

In England the drain which the Indian railways made in the tie mar- 
ket induced experiments with steel ties in 1884. Twenty steel ties 
(Vautherin pattern), ninety pounds per tie, with rail of ninety-five 
pounds, bull-headed form, lying in two half chairs, were laid. Creo- 
Bot«d paper was placed underneath the ties to deaden the soand. To- 
day millions of metal ties are used in India. 

The Mexican Railway (Vera Ornz), after an experiment of two years 
with twenty thousand steel ties on level ground and on heavy grades, 
has proposed to put in yearly hereafter from forty to fifty thousand. 

The change (torn the wooden to the steel tie is made entirely in the 
interest of economy, and it is calculated that in a few years the per- 
manent section-gang on the road can be replaced by traveling gangs, 
who will be able to keep the road in order, the number of men em- 
ployed under the new system being only 50 per cent, of those embraced 
in the present permanent section system. 

No better testimony to the efficiency of the metal tie under proper 
condition could be given than the following extr-iets from a letter in 
reply to a request for information from George Foot, Esq., Superin- 
tendent of the Mexican Eailway, stating his experience. 

" Our esperience with these ties, of which some 30,000 have been in the line itinco 
September, 1834, is so satiafactory in every respect, that we are now about to lay down 
40,000 more, and our intention is to gradually telay tlie entire liue with metallic 

"linoloBB ablneprint",8howingthetypeof tie we ate about to lay down, one which 
is abont the aamo as that employed on the State railways of India for both tho 5.6- 
metor gauges, but arranged for our gauge, whinh is 4' Si". 

"The price of the new ties under contract in Eogiandie 49. id. (S1.05)each, inclnd- 
ing steel keys f. o. h. in Cardiff, and their weight with keys 112 Iba. each. 

''The metallic ties iu use here for the laat two years are almost of the same pattern 
as shown on llie drawing, excepting the fastenings, which arc muob more complicated 
and expensive. 



•See Plate No. I,p.IU. 
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"I'lie blae print which I inoloee reprosents the latest impfoVoluents In Bteel sleeperb 
Huggested b; exporionce on railways in lutlio, where millions of tbem are employetl, 
and I think that the tie in qaeatiou loaves little to be desired either in general form, 
simplicity o£ fastenings, weight, or price. 

" You will observe that the metal is thickeoed where strength is moat required, and 
that the rail clips are formed from the solid plate, the roil being kept in place by a, 
simple steel hey which can be driven either on the inside or outside of the rail when 
increased width of gauge is required on sharp curves. 

"You ask me to state the advantages and disadvantages experienced by us in theusa 
of this class of sleepor. 

" So far we have no disadvantages to record, but many and very important advan- 
tages, which are as follows: 

" (1) Vo spikes are required. 

" (2) The Tails are kept to gango with almost matbeuatical accuracy and the result 
is that the oscUlatlon of a train running at high speed over this track is reduced to a 
minimum, and is very maricod when it runs on to a length laid with ordinary timber 

" (3) The difference in the cost of maintenance is enormons, because a track once 
properly laid with these ateel ties and well ballasted rei|uires no permanent road 
gangs and can be maintained in good order by a traveling gang going over It once 

" This is our experience hero, but it mnst be remembered that on this railway we 
have no frost or snow to contend with and very light traffic. 

" In the United States these conditions would of couise be altered, but I see no good 
reason why these ties should not bear frost well ; they are extensively usedin Qermany 
and I am not aware that fiost has proved an objection to their use. 

"From personal erporience I cannot say bow metallic ties behave in coses where 
trains run off the line, as we very seldom on this line have such accidents, and have 
bad none on the portions of track laid with tbem. 

"In India the experience is that in a bad ron-olf a groat number of ties are bent and 
injured, but that very few are so badly damaged as to be past repairs, and that, as a 
general rule, they are repaired in the shops and replaced in the line. 

"I must add, however, that metallic sleepers require a very solid and perfect road- 
bed, and a much latter quantity of ballast than timber ties. 

" The Mexican Railway is laid throughout with 62-ponnd steel rails, except on the 
Cumber 4-per-cent. iucHno, where we are now laying down SJ-pound rails. 

"Our metal ties are laid under the G3-ponnd rails, the number being 3,000 per mile 
but we find that this number is not necessary, and in future we propose to lay onlj 
1,850 per mile. 

" I may say in conclusion, that in my opinion the steel tie is the tie of the future, and 
that onr experience here points with their use to substantial economies in repairs and 
maintenance and at the same time to a very peifset track." 

GENERAL EBQTJIEEMENTS. 

From the experience so far accumulated it is claimed that the re- 
quirements of a good tie cau be fulfilled by tbe steel ties now made, 
namely : 

(1) Appropriate form. 

(2) A section with sufficient moment of resistance. 
(;t) A material not easily fractured. 

(4) Sufficient bearing area and length to resist lateral, longitudinal, 
and vertical strnina. 
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To which may be added that : 

(1) The average life of good steel ties is coaaiderably longer than that 
of beet wooden ties (estimated at 30 to 50 years).* 

(2) The width of gauge is better maintaioed with steel ties. 

(3) Cost of mainteaauce of permaaent road with steel ties remaina 
almost coustant after the second year, while with wooden ties it in- 
creases constantly with age, making the average cost greater than with 
the former. 

(4) Bail fastenings are possible with steel ties which are at once safer 
and more easily maintained than those for wooden ties. 

(5) A good steel tie shoald not cost moro than from 125 to 160 per 
cent, of the cost of wooden ties. 

(6) The "old material" valne of a steel tie is greater than that of a 
wooden sleeper. 

" If, for comparison of the relative cost per mile of Btcel and wood, account ia takea 
of the mantifacture, transport, laying, maiuteaaoae, interest, aad value of scrap, it 
is Beea that there are few ooantries in the world where the excloeivo nge of wood ties 
In really economical. 

" For countries where climate and insects destroy wood aleepera in a few years this 
iseviduut; but it speaks still better forsteelsleeperdthat in Holland, which produces 
no steel and gets wood sleepers very cheaply by sea, all the railway companies have 
introduced metal sleepers without any presaura from the Government." 
BEQUIBBMENTS AND OOMPAEISOK OP DIFFEKEHT SYSTEMS OF SUPEE- 
BTEUCTUEE. 

A very elaborate investigation into the merits of different systems of 
snperstrncture, with wooden and metallic longitudinal or cross-ties, has 
been published in the ** Organ fiir Fortsehritte des Eiaenbahuwesens " 
for 1886, by a liigh authority, W. Fuchs, replete with mathematical 
demonstrations and presenting a most thorough discussion on theoret- 
ical grounds, the results of which are given in the following notes : 
A. — The aggreasive forces against jchich any si/slem of enperitructare mtiat be prepared to 

(a} Vertical : pressure at the wheel, usually and properly taken as 7,000 kilo- 
grams <15,40O pounds). 
(6) Lateral: shocks representing a total effect of 5,5 tons, diaooonted by a re- 
lief of 2 tons from the opposite wheel, the total pressure being roughly 
5,000 kilograms, which inay increase to the maKimnra 8,000 kilograms { 11,- 
000 to 17,600 pounds}, 
(o) Longitudinal ; per rail not over 5,025 kilograms, adhesive weight of loco 
motive taken as 43,000 kilograus. 
B. — Eeqairemettis ofeystema. 
(a) tKingitudinal ties. 
The manner, shape, and nnmber of cross-connections seem to be of utmost impor 
tance ; blade-shaped connections are preferable to those with broad surface on account 
of the (endoncy of the latter to form humps in the road-bed ; a number of croas-con- 
nectiona is nndeeirable as counteracting the advantages of the long tie and iutroduc- 
ing the faults of the cross-tie system ; the connection is beat made at the tail joint, 
by which the favorable influence of auch connection is ntilized. If more connectiona 
n Life of Metal Ties. 
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are required, the; ate best applied in the middle, at eqaal distftaoesftom the ends of 
the tie. 

The Diaiu difflcoUy of long-tie systema lies )u their deficient diaiaage, two "backs" 
forming alougside the tie in the road-bed. Tliis objection is increased nhen tlie oross- 
connection has a flat surface. 

Of all long-tie Bjatems Haarmanu's (employed on Berlin City Railway) appears besi,, 
exception being taken only to the form of cross-connection. Hilf 's system is fonnd in 
all points inferior, the former Hhowinf; all the advantages required for an elegaut and 
simply constructed superstructure ; the only objectiou t« it is that to which all long- 
tie systems arc opeu^cScieut drainage, 
(b) CroBS-ties. 

The parts of the rail lyiuj; between the support and a point half way between 
snpporte receive less wear, and an uneven nse of the rail is the consequeuoe. Con- 
uectiouD of rails to tics can never be made too rigid. The foot of the rail should 
preferably not be supported in its entire breadth, but only oa its flanges to a sufficient 
breadth, thereby insuring more stability, permitting the use of rails not having a 
perfectly smooth foot, and avoiding an extra demand of resistance against tilting oa 
the part of faateninga. 

Bed-plates are most desirable for wooden as well as metal cross-ties, making the 
manufacture of the latter tics leas expensive and less difficult. 

l)y nse of bed-platee the eating into parts most nsed, and the consequenceB result- 
ing therefrom, ou all parts of the supers true tu re, can he avoided. The best mode of 
fastening is presented by bed-plates with hook bolts. 

The best length for metal cross-ties is given as 2^.7 cm. (7 feet 5) inches); and 
in order to diminish the strain un the tic and oounteract the tendency of every cross- 
tie system to change the gange in consequence of a bending of the tie, there should be 
no tamping anderueath for a length of 5^.7 c. in. (iii.7 inches). A trough, o|>en only on 
the lower side, divided into three compartments by two cross-ribs placed 3tj.35 c. m. 
(10.3 inches] from the center of the tie, the outer parts filled with bed material, the 
central part empty, will answer to this requiremeut. 

At 10 c. m. (3.93 inches, the height of a cross-tie), a metal oross-tie system fncnisbes, 
even in the most unfavorable bed material, at least 1.33 tiuee greater resistance to side 
strains than a wood superstructore. 

The distance of ties, at 1 m. (3 .28 feet), used on the Prussian profile, the author 
considers too great, and 0.95 m. (3.12 feet), or even less on curves, just permissible. 
Against lougitndinal forces the transmission of the shock fivm the rail to Ibe tie is 
uoro imperfect with metal systems than with wooden ties; yet the resistance of n 
good met'al system to displacement in the direction of the track is very much greater 
than with woodeo tics. Iron ties of 10 c. m. (10,3 iochee) height withstsod the efiecta 
of longitudinal forces. 



The cross-tie with short steps loaning somewhat outward is the most xierfect. 

The ueed of bed material is smaller than in any other superstructure. 

Bed-plates with bolts ofier very firm connections, and can be easily moved or re- 
placed. Changes uf gauge can be as easily ^d accurately effected as with other 
conDectioDs. The mode of fastening is independent of the form of tie, and can heap- 
plied to any iron tie at any later time. 

The Weight per running foot ought to be somewhat greater than that of ties now 
need, but the greater weight refers to euch parts as are little subject towear.and 
it does not exceed (hat required in the long-tie system. 
C. — Compariaun of wood and metal sujNrgtntotures. 

The superiority of well-devised metal ea peretrnctmea over those with timber ties 
as usually applied, is moreolear if we consider the more or lees secure mode of fasten- 
ings iu both systems. 
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If the greatest side strain of 7,350 kiloxnuue (16,000 poiiDas; oa exerted on tbu tail 
Just over tlie tie, and if two apikee are nsed oatside aod one inside for faalening, tliun 
if tlie coefGcient of friction between metal and wood be a=i, the two outaide epikee 
must offer resiatanoe K = 7,350— =^ = 4,350 kilogramB (9^570 pounds), while oDder 
asnal conditions tliey cannot offer more than 3,200 kilograms (7,040 pounds) ; oaa 
■bock, therefore, is capable of looeeninf; the rail here. Only wlieu the three spikes 
are united by bed-plates does their reaietanoe grow to 4, BOO kilograms (10,560pouQda), 
or their total cumliined rasiatance to 4, ^OO+J, 000 = 7,800 kilograms (17,100 pounds), 
ftgainst a straia uf 7,K>0 (10,000 ponnda). Bnt this resiataiice ia fonnd only in uliso- 
Intely aoand ties. Still less secare is the usnal mode of fastening ag&inat tiltlDKi f<"* 
the ioaide apike cannot ofFer more than 3,U50 kilograms' (4,510 pouDds) resietaoce, 
'While the attacking force may reach a maximum of 4,860 kilograms (10,69^ pounds). 
D. — Compariton of long- and oroes-tU ayaieme. 

The former, if perfect, like all superstructures with single supports, is snjlerior in 
regard to an even uniform transmissioti of the force waves which form iiuder the 
moving loads. The many supports of a cross-tie system exert a difctorbing influence 
on this wave movement, in cuusequeuce of which the rail is not uuiformly utilized. 
Therefore, in any cross-tie system, rails must ■wear unevenly. 

It follows that on long-tio systems, smoother rolling of cars, and less wear of all 
parts, must reanlt than on cross-ties; yet it is possible to get sufficient satisfaction in 
this respect from the latter system. 

Of more importance is the great«r seonrity of long- than crow-t io systems ^^ai oni side 
etraina and consequent breakage of rails 

Bynseof bed-plates on each tie or enlaigement of rail foot this objection oau be 



In regard to drainage no satisfaction baa as yet been obtained in the long-tie systems. 
The, quantity of bod material needed amounts to the same in both systems. Replace- 
ment is probably cheaper with cross-ties. Metal weight is alike, yet in long ties the 
wearing parts are the lightest. 

ThG aathor coucludes that, as only two points are in favor of the long- 
tie system, which can partly be attained in cross-tie systems, the latter 
will remain the standard. 

MATEBIAJj. 

Although steel ispreferablo to iron for surfaces liable to wear, like 
those of rails and tires, yet it presents drawbacks in the case of parts 
subject to deflection only, as bridges andties, and being brittle in wiuter, 
requires special precautions while cooling after leaving the rolls. 

The strength of an iron tie should be much greater than a wooden 
one, because the former must offer sufficient resistance to deflection 
over its whole surface, however well it may be packed, as the reactions 
of the ballast during the passage of trains are distributed nuifornily 
over the whole of the ])acked portion. 

The faults in construction of iron ties were eliminated in those made 
of steel, which are not liable to split and break, as are the iron ties. 

The first trials with hard-steel sleepers were not encouraging. Yet 
some <M)mpanies have laid test lines, inspected them carefully, and have 
kept records as to cost of maiotenance (especially in Germany and 
Holland), and ftom these trials are derived the results and experience 
now available in regard to this material. - 
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Steel ties, bowever, bave come seriouHly into competition ouly since 
the increase of niild-steel iirodiiction. This material in less liable to 
breakage tli&n ordinary steel and less injnred in punching tbe boles for 
fautCDing. A steel is ase^l vitb a tensile strength of 25.1 to 28.6 tons 
per square iucb, aad a uiiuimum contraction of 30 to 40 percent.* 



The great number of forms of metal ties and the rnode^ of fixing tbe 
rail to the same must be puzzling to an engineer who bae to select one 
of tbem. Tbe simpler the plan the better. If equal safety is to be ob- 
tained, the metal tie must be of equal size and cover an mneh surfiice of 
the ballast as tbe wooden tie. Yet the amount of bearing surface of 
the tie ou the ballast, provided this lie of good quality and incompress- 
ible, is of less importance than that the pressure exerted by the ballast 
on the underlying soil, which is often compressible, be distributed over 
the largest surface possible. It is not necessary that the ties have a 
large bearing surface on the ballast, nor that they be flat on their un- 
derside, bnt only that there be snfficient width between the onteredges. 

To meet the requirements of a good tie, which with the smallest 
amount of material possesses the greatest possiltle strength, ali'ords a 
rational distribution of the pressure on the road-bed, and lies solidly ia 
the road-bed, the profile is of great importance. 

The form adopted by the Prussian Railway seems to answer well these 
requirements. It is a box, with the addition of broa4 flanges at right 
angles to tbe sides of the box, at the end of which two short feet permit 
a secure hold in the bed material. A cross-section presents about this 



Many difterent patterns are in use, like tbe Vautherin, BIberfeld, 
Prussian, Rhenish, Austrian, and Webb's ties, on the London and 
Northwestern Bailroad, with a chair for buU-head rail. 

Kecent improvements in rolling machinery allow the making of ties 
of varying thickness and having the l-iU'20 slope for tbe rail made in 
the process of rolling. 

By this a sa^'ing of 12 to 21 per cent, and a distribution of material 
to points where most required ia possible. The minimum cross-section 
is kept for about two thirds of the length, while under the rail and for 
a short distance on each side of it, it is thickened. 

The Netherlands State Eailway, after many tests under various con- 
ditions, sharp curves and gradients, with iron and st«el ties of various 
designs, and after carefully comparing cost of maintenance with that of 
* 8ee cote ou jointed croaH-tiea, p. 13S. 
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similar lengths of line laid od oew oak ties, lias decided in favor of a 
mild steel tie, 8 feet 6 inches long, 9.25 inches wide over the extreme 
edges at the bottom, 2.62 inches deep for the greater part of its length, 
but iDcreased to 2.92 inches nnder the rail and 3.2'A inches at about 4 
inches outside the rail, so as to give the inclination of 1 in 20 for the 
cant of the flat-bottomed rail, which rests directly on the tie. 

The Ibllowlng advantages are claimed for this tie (adopted from the 
St. Gotthard Kailway): 

(1) It is easily packed with any kind of ballast — saud, gravel, ashes, 
slag, stoue, etc. 

(2) The triangular toe which forms the bottom edge of the sloping 
sides of the tie prevents damage to the edge duriug the beating up of 
tbo ballast, and by lowering the neutral axis of the section additional 
stiffness is gained. 

(3) It gives a broad surface for the foot of the rail to rest upon. 
The weight of the tie is 104.7 pounds, saving 15 per cent, from the 

weight of a tie of the same strength but uniform cross-section. 

The ties ordered in July, 1885, including a two years' guarantee, cost 
about $1.15 per tie, or "almost the same as an oak tie." 

As to form, the closing of the end of the tie deserves special attention. 
It should have a sloping, closed end, which tends to drive the ballast 
in under the rail instead of out from underneath, as the early open- 
euded form did. 



As stated before, the first iron sleepers were not successful, on ac- 
count of their light weight and consequently reduced section. Those 
introduced in France fend Germany in 1864 were only 66 pounds. The 
fastenings had not hold enough and breaking was frequent whore the 
rails rested on the ties; there was also danger connected with tliem 
on account of unsteadiness and increased lateral movement. The re- 
sults were due to the following causes : 1, the holes of the fastening re- 
duced the cross-section ; 2, the punching of the holes made the metal 
around them more or less brittle ; 3, in time the foot of the rail and fast- 
ening would eat into the top of the tie; 4, with a rational beating up 
of the ballast the momentum of reaction of a ballast is a maximnm at 
tbo cross-section, where the wheel ]oa<l is applied.; 5, the impulse of 
the moving load is transferred directly to the tie at these places. 

Increase of weight gives more stability to superstructure. Metal 
cross-ties weighing 100 pounds have proved quite satisfactory. Those 
of less weight, 77 to 83 pounds, pfoved too light. The State Railway 
of Wurtemberg uses ties of 128 pounds, but the majority of German and 
Dutch engineers consider 112 poaods fully sufficient to maintain a per- 
fectly steady and permanent road. 
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Tbe following table, giviug the weights aod prices used by the d 
ent GermaQ roads, may be of interest ; 



Ifuueof nllvay. 



Imperlsl Hallway In Aliare-Lorraine 

BerglKih-Uarlilocb, old TBntheiio pattern. 

Same, New BtirnatlerDrormilDlinea 

Same, for branch Itne* 

Link! Ktatinlscli Railroad, old latteni 

Same, new pattern 

Reuhta KhBlniac;!! 

PiawiiuiStatelinfB, TarlanB 

MaiEdebnrg Motion ■ 

Eeebte Oder Ufer 

HeBslBDh-Ladwiga 

AlWna-Elll 

Worwmbeig Stale lln«a 



.K." 



FASTENIHGS. 

The subject of fastenings is of greater importance as regards the pre- 
vention of shocks between the rails and ties than in preserving the 
gaage. Whatever the method adopted for attaching the rails to the 
ties, it must be better than that hitherto employed for wooden ties, and 
teys are decidedly preferable to bolts, tbe threads of which nist out eo 
that the nuts cannot be tightened. Yet there are systems of fastening 
steel tii?s whicli are tafer and more easily maintained than those for 
wooden ties. After many years of trial, the Netherlands State Rail- 
way Company have decided to keep to bolts as the means of attach- 
ment between the rail and sleeper. In 18C5 they laid 10,000 iron 
sleepers, fastening them by 1 bolts (0.42 inch diameter) to each tie. la 
1883, for the flrst time, it was necessary to renew 2,000 of these 40,000 
bolts, and in August, 1885, the remaining 38,000 were still in use. This 
shows that tbe bolts 0.86 inch in diameter now used will be satisfac- 
tory. Tbe bolt holes in the ties are square, except that the corners are 
slightly rounded. It is proposed to retain the cast iron chair, which 
has rendered good service, especially with Vignoles rails, and to con- 
nect each pair of chairs by two bars of Z-section, capable of standing a 
deflection of nearly 4 tons per square inch, keyed to them so as to form 
a trough turited either upwards or downwards. 

The points for consideration in fastenings are: 

(1) By the insertion of a plate between the hard rail-foot and the 
softer tie, tbe latter should be saved and its natural straightness pre- 
served, avoiding injuries in the shaping by rolls, in bending, or other- 

(2) A rational and direct transmission of the attacking forces from 
the rail to the tie should be efiected. 

(3) The fastenings mast be such as to keep the gauge constant in the 
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carves as well as on the Btraiglit road, and to permit the elimination of 
uDavoidable faults occurring in fabricatioo. 

(4) To allow sMiniDg np, where the action of frost makes it nece8- 
sarj. 

The forces which work upon the fastenings are : 

{1} The horizontal forces tending to press the rail-foot outward. 

(2) The vertical forces tending to raise the inner edge of the rail-foot. 

To counteract these forces, il is neccssaiy, with bolt fastenings, to pro- 
tect the bolt in its entire length against side forces tending to bend it 
or wear it away. To effect this the bolt must be placed as near the 
rail foot as possible, so as to reduce the leverage of the vertical force as 
much as possible. Small number of parts and a simple form is most de- 
sirable. 

The nature aud good service of the fastenings has also great bearing 
upon the cost of keeping the road in order. 



The life of iron ties has been variously estimated by those in favor 
of the system at from thirty to fifty years ; opponents place it at not 
more than twenty years, that of the beat wood ties. This last esti- 
mate is, however, disproved by the more than twenty years' experience 
with longitudinal ties on the Brunswick railways. These were laid in 
1864, and in 1882, on thorough inspection, were found but slightly 
affected by rust. 

In fact, iron ties suffer less from atmospheric inflnences than woodeii 
ones. 

Ties on the Bergisch-M^rkisch lines, after being laid for eight years 
in a badly-drained ballast, were found to be not more affected by rnst 
than the rails. 

Mr. Kalff, at the convention in Brussels, stated that metal sleepers 
laid down twenty years ago were fonud in perfect condition. Only, for 
ties kept in reserve by the side of the line or in damp tunnels aud 
similar localities, or if transported over the sea, a coat of tar or paint 
might be found advisable. 

With the better form and heavier sections now used, the breaking of 
a tie is so nunsual as not sensibly to affect the annual charge. 

Whatever the canse, steel rails and ties nndoubtedlj^rnst much faster 
than those miule of iron. 

Mr. P. H. Dudley, C. E., an expert on railroad matters, says : " So 
far as atmospheric agencies are concerned, the German experience 
would be a good guide here. The oxidation of rails at least shows in 
most localities no greater rapidity than in Oermany. Failure in this 
conntry of metal ties, as far as I have seen them used, was due to their 
form not meeting the conditions required of a metal tie." 
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INFLCEHCE ON BOLLINQ 8TO0K, RAILS, AND BOAD-BED. 

The effect of tbe material of the tie on tbe rolling-stock is dillQcalt 
to ascertain, and not much ia kuowD about tbe inflnence of metal ties. 

But it may be noted that on the German railways in 1883 tbe num- 
ber of tire bn-akagea per 100 miles of line with wooden ties, metal 
cross-tics, aud metal longitudinal ties, were respectively as 7.25 to 5.96 
to 2,74; showing the advantage of the long-tie system, by which tbe 
shock at rail-Joints especially is diminished. 

Tbe weight of the entire superstructure in itself aud tbe good tamp- 
ing of the ballast conduce to its quiet position, and serve to lessen 
tbe loss in rolling-stock and the cost of maintenance. 

C. P. Sandberg, tbe well-known expert on rails, says : 

" It is a great mistake to (liininisli the rail seotiou in coueeqnenceof the adoption of 
metal tioB, as has been done on some railroads, for the metal in tbe tie can in no 
sense make np for Ihe metal in the rail. The strong rail has the power of spreailiog: 
tbe effect of the GoncuasioDS from tbe rolling stock over several neighbonug ateep- 
ets, thus dividing the effect, while the light, veak rail will conoentiate the btowa 

"The heavy flange rail also is a sine gua non for the Biioceasnf a metallic permammb 
way ; if by ' permanency ' be meant anything approaching thirty years or more." 

lu tbe Revue G^n6rale des Cbemins de fer, April, 1886, p. 2G0, a com- 
parative table is given, showing the respective durability of rails on 
ordinary roads with wooden cross-ties, and roads on metal ties with 
the Vautherin and tbe Hohenegger system (longitudinal ties 32 feet 
long with one cross-tie to each length), and the Hilf sjstem (longi- 
tudinal tie of 24^ and 29^ feet length with one cross-tie to each length). 
The comparative results show : (1) That with the Vautherin system 
the wear is three times as much as with good wooden ties; (2) with the 
Hohenegger system the wear is four times as rapid ; and (3) with tbe 
Hilf system it is four to five times as rapid as with wooden ties- 
Metal ties do not bend visibly like those of wood , but descend evenly, 
and the leverage of the momentum of deflection at the intersection of 
the rails and ties is greater than in the case of wooden ties; bat if the 
strain be limited to, say, i tons per square inch for iron, and about half 
as much again for steel, tbore is no fear for the resistance of metal 
sleepers. 

If the ballast inside tbe rails has nut been properly packed, so that 
only the portioDS outside tbe rails sustain the whole load, the uioinen- 
tum of deflection will double, but even then there will be nothing to 
fear; but if, on tbe contrary, only the central portion of the tie be- 
tween tlie niLls bear upon the ballast, the maximum momentum of 
deflection, which may thus bo iuoreased to five times its ordinary 
amount, will be transferred to the center of the tie. 

Experience has shown, however, that this will not occur if care be 
taken not to pack tbe central portion of tbe tie. 
Filling hollow sleepers with ballast having a certain aaiount of ooho- 
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sion ia Dot recommended, as no degree of elasticity iu tbe Qlliog snb- 
stance can increase the resistance to dedection. TLe tampiuj; of tbe 
ballast under steel ties must be so done that the middle of the tie is 
either empty or at least not compactly filled with ballast, wliile for a 
distance of 12 to 15 inches on each side of the rail the ballast mast be 
well tamped. 

It is also important tbat during the first few months after tbe ties 
are laid tbe roatl should have great and constant attention until the 
bed becomes consolidated. The cost of this ongbt to be considered as 
part of the cost of laying tbe road. 

The metal tie acts best on firm ground. Thus on the Li^ge-Lim- 
boarg line there were 20,000 metal ties which bad not been touched 
for twenty-two months and tbe road continued in a most satisfactory 
condition, working trains running at a maximum speed of 33 miles per 
hour. Lengths of ballast of mediam quality in which wooden ties ap- 
peared to be dry have proved nnsatisfactory with iron ties. By means 
of their pumping action the latter draw tbe wet up from below and 
nork the ballast into mud, making a solid bed impossible. This work- 
ing up into mud occurs also with wooden ties, but only after the bal- 
last has become completely impermeable for water, and requires 
renewing anyhow. 

Tbe reasons for this difference may be stated as follows : 

(1) The iron ties have twice the deflection of tbe wooden ooet,. 

(2) On account of tbe accurate fastening of the rail to the irou tie, 
it shares tbe whole vertical motion of the rail, whereas with wooden 
ties the play of tbe foot of tbe rail in tbe dogs and the compressibility 
of the timber both tend to lessen the deflection of the tie. 

(3) The hollow body of tbe iron tie is very favorable to the formation 
of an air-tight cavity, inducing tbe pumping action above referred to. 

(4) The under surface of tbe wooden tie lies twice as deep as that of 
tbe iron one. 

Tbe working up of the ballast into mud by iron ties, on certain trial 
lengths, has interfered with their more general introduction, whereas 
the failure should have been put down to the inferiority of tbe ballast 
and its impermeabibty to water. It would be found that iu similar 
ballast an accumulation of moisture at tbe bottom of wooden ties takes 
place. 

(j^od ballast must fulfill tbe following two conditions : 

(1) It must be capable of being beaten up under the tie into a flim 
mass so as to afford the greatest possible resistance to the defleetioD 
when the load comes upon the tie and tbe greatest possible resistance 
to being shaken loose. 

(2) At the same time tbe material must be such that between tbe ties 
there may be in it interstices for the passage of water, but also tbe 
greatest possible cohesion and friction, to prevent slipping and to dis- 
tribute equally tbe pressure of tbe load. 
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Brokea stoae fulfills tliese conditioDs twet, especially as to drainage. 

Water remaiDS longer between the rails and ties with the longitud- 
inal tie-systema than with that of croBs-ties, as on aecoimt of the solid 
body below it. is drained off more slowly ; therefore in winter the gravel 
bed forms a iVozen body. If this thaws from above, the long tie may 
lie entirely in a thawed bed and the cross-connection in a frozen bed. 
Then the crose-coDnections are points Ijetween which the long ties with 
the rails must lie free or imperfectly supported. From this occurrence 
danger must be apprehended, especially in changing weather. 

Another objection is made on account of frost-heaviug. If in a wooden 
structure one rail is thus lifted, the other can be accommodated. But 
in iron strnotures a greater diversity of heavings must occur, which are 
not so easily remedied. 

Tbe Eoyal Prussian Bailway management, however, using Haanuan's 
long-tie system, finds this objection not sustained even in protracted 
frost weather, and considers this system efficient as well as easily and 
cheaply maintained. 

On the Braunschweig railroads the iron superstructure {long tie) upou 
hard subsoil is not easily maintained in wet weather. 

The same exx>enence has been made in Lorraine. 

But on the Eheuish system, on well-drained ground, no diflBeulty is 
experienced. 

On the road from Cal)>e to Blankenheim (mountaiuous), where more 
than 60 miles of Hilf long ties are laid, the cost of maintenance is 
donble that of wooden ties, the reason among other causes being the 
bad condition of the bed material, a loamy and clayey sand, which be- 
comes slippery after every rain. 

A simple cross-tie system and broken-stone ballast is recommended 
on badly drained soils. 



The item of cost is naturally of primary importance with good finan- 
ciers, but for a perpetual concern like a railroad the first cost is not 
always tbe most important factor of calculation. 

In fact, the saving of labor for renewals and maintenance is now the 
vital question in the co^t of railroad working. When this is brought 
to a minimum by perfection of road, safety and comfort in traveling, as 
well as a dividend, will be securetl. 

According to Sandberg, who advocates only the most solid structure, 
the desirable metal tie may be said to cost as much per ton aud weigh 
as much per mile of line as the rails themselves. 

Gustav Meyer says : 

" Iron croM-tiesof 110 ponnda weight, coating $1.73 eaob, nrast last twenty-five years 
in order not to iuvolre an auaaal obarge of more than 9.B o. (average annual chaise 
far wooden ties on German loada)." 

* For original ooat of metal tiee now In use, see table, p. IIS. 
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To get at the annnal cost tor the provision and renewal of railway 
tiea the following polots must be considered : 

(1) The annual interest on first cost. 

{2) The annual snm laid aside for depreciation. 

(3) The *' old material valae," lessening the amoant of depreciation. 

(4) Cost of labor and tools for replacing ties. 

(5) Cost of the aitachment to the rail. 

(6) Cost of maintenance in the road-bed. 

(7) Influence of tie upon the life of rolliug-stock. 

The first cost of fastenings for wooden ties is less than for metal ones, 
bat the cost of renewal is greater in the former case, so that in the end 
the aunaal cost for fastenings becomes less in the case of metal ties. 

The cost of maintenance of a steel-tie road three and one-half years 
old was found th^ same as that of one of the same age laid on wooden 
ties, but from this point on the cost of the latter increases, while the 
cost of the former tends to diminish, owing to the consolidation of the 
bed. One of the district engineers of the Netherlands Railroad states 
that ou a test piece of 1,144 yards, on a carve of 820 yards radius and a 
gradient of 1 in 83, no tamping of the ballast was required for 22 
mouths ending December 31, 1884, and that the only maintenance re- 
quired was one man for 34 days inspecting and tightening np bolts. 

On the Rhenish roads, which at the end of 1879 bad 112 miles of track 
laid with longitudinal, and 197^ miles with cross metal ties, and to which, 
during 1880,were added 94 and 138 miles, respectively, the following re- 
sults were obtained : On 100 miles of track with wooden ties 271 labor 
days were required yearly ; with metal longitudinal system, on au aver- 
age of three years, only 258, or 5 per cent. less, and the average amount 
of labor expended in the year 1879 was only 209 days, or 23 per cent. 
less; with iron cross-ties, dnrhig au average of^5J months, 242 days, or 
11 per cent. less, and for the average of the year 1879, lti4J days, or 35 
per cent, less were required. 

In Germany the cost of maintenance has been found to vary from $38 
to $360 per mile with long-tie system, and from $47 to $107 with cross- 
ties, subsoil, bed material, and kind of structure causing great difl'er- 
euces. 

Taking (1) the annual interest on first cost (C) at 5 per cent, (or 
0.05 C). 

(2) Annual allowance (B) to be charged for renewal after n years, 
leaving out of account value of old material : 

p_ 0-05 p 
l.U5"+'-1.05 ■ 

(3) The reduction of this (B) annual allowance due to value of old 
material is : 

0.05 



, ■■■■ . . I , ..- X value of old tie. 
1.05"+'— 1.05 
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(4). Auaual amount to be allowed {x cents) for cost of chaaging tie 
aftor n years is : 

0.05 
i - ,Vf, - ji.i — i-n=x scents. 
1.05"+'— l.Oo 

Tukiug tUc value of old wootlea tie at 10 per cent-of first cost, that of 
old iron sleeper at 40 per ceut., it would be foaod that a wooden tie of 
tl first cost and 12 years' life costs 10.3 cents per aDnum exclaaive of 
maintenance, wliile an iron tie of $2 first cost, lasting 30 years, costs 
0.8 cents ppr aoimm." 

Another writer inquires how much more a metal tie will cost than a 
wooden one, if the former would last double the time of the latter and 
its value as old material be considered 40 per cent of its first cost 
(O,=0.4 N,), while that of th^ old wooden tie is taken as 10 per cent, of its 
first cost (O„=0.l N„). The cost of renewal {E=S — O) is, in the case 
of the metal tie, K^=O.G N^ and for the wooden tie B„=0.9 K"„. 

The annual charge for renewal (r), if life of ties is set at », and n„ 
years, and the rate of interest at j) per cent., may be expressed: 



(setting i^=e as) 



r,,=0.9N,,-^=I^ for wood, 

and these amounts capitalized (that is to say, the capital B, the interest 
on which at p per cent., will furnish the required amounts of yearly 
charge for reserve fund), 

R = r ... -would make 

e-1 

R,=-^K, for metal. 

' c" — 1 

It„= '_ ■ N„ for wood. 

Leaving out all other advautagos of iron ties, that is to say, consider- 
ing only the longer life as the criterion, W may be taken so high that 
the first cost of the metal tie, together with the capital necessary to re- 
new it indefinitely, equals the sum of the same items for wooden ties, 
namely: 

N,+B,=N,,+E„ orN,=2f„+B„-R,i 
and by substitution 

( IT— 0.1 ) (g'-l) 
'-(«-.-0.4) (e-.-l)-"" 
If, then, n/=2„,, that 18 to say, if the metal tie last doable the time of 
he wooden tie, the cost of the firet may be 

_<?-»+0.(te-.-OJ.^ 

"i- «>-„_0.4 "" 

* See table on page 116; also liettoni of page 132. 
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From thia may be calcalat«d at a rate of interest of 4 per ceot. for a 
wooden tie lastiug t*D years, N,=1.9N„, and compared witli a creosoted 
wooden tie lasting twenty years, N,=1.5l!J'„ ; tbat is to say, if the metal 
tie lasts twice ae long as our best oak tics, its original cost may be al- 
lowed to be nearly twice aa much as tbeoak tie. If it lasts twice as long 
as a creoaoted tie of twenty yeiira' duration, it may coat one and one- 
half as much as this to be only equally as expensive; if duration and 
cost of renewal aloneareconsidered, or, asour best oak ties do not aver- 
age more than eight years' life, and a metal tie Can be safely said to last 
three times that period, reckoning rate of interest at' 6 per cent., at 
present prices for metal, and considering cost of renewal, it would be 
economy to use metal ties when uak ties cost 70 to 80 cents, and pine 
ties lasting live years cost 50 to 55 cents. 

ADDENDA— JOINTED AND COMPOUND OEOSSTIES. 

As the object of these notes is to point out where a saving in the use 
of wooden material for railroad construction may be effected, the fol- 
lowing saggestioD may find proper place here, describing a system ol 
using up old wooden ties practiced on the Netherlands State Kail ways. 

The beat wooden ties fail at the point where the rail rests on the tie, 
while a length of from 3 to S^feet between the rails remains quite aolid, 
Laying two such lengths aawed off end to end, they are joined together 
by a lengtU of inverted channel iron let into the timber, so that its web 
lies upon the upper surface. The rail rests on the channel iron, which 
thus prevents it from wearing into the tie. (By bending, the l-in-20 
«aut, if required, can be given.) 

The sawing, dressing, boring, and patting together of these compound 
wooden and iron ties can be done in wet weather,by the trackmen, thus 
saving iu the coat. The laying and batting ap are the same as with 
ordinary ties. 

As these compound ties have four end-faces, they offer increased re- 
sistance to lateral motion. 

In July, 1882, a quantity of these ties were laid in a main line through 
a station, and in September of the same year, a further number on a 
main tine curve of 50 chains radius and a gradient of 1 in 62, over 
which ran thirty trains a day, some of them expresses. Both of these 
lengths have required nodifi'erent treatment from the adjoining lengths 
laid with ordinary wood ties, while the gauge has remained exactly true. 

In a similar manner may be joined together short metal waste pieces 
which are left in making ateel ties, in order to reduce the price of the 
perfect steel tie, the waste pieces being riveted together. Thia attempt 
to produce a cheap steel tie, at least for secondary lines, may be con- 
sidered quite successful. 

The Netherlands State Railway in Jane, 1885, laid a number of euch 
ties on a curve of 26 chains radius with a gradient of 1 in 62. These 
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ties have shown do disadvautagBS during loading, unloading, laying, or 
batting-ap, and have required no more tamping than ordinary ties 
near tbem. 

There are six difl^rent lypea of these riveted ties, in all of which the 
rivets are 0.79 inch diameter. 

The joint may be G inches from the center of the tie, so as to allow of 
short pieces being used np. 

Another proposition for the use of waste material in the constrnctioD 
of steel ties is to etit old steel rails (Vignoles section) into lengths of 
7 feet 10 ioebes and rivet tbem to cast-iron chairs (those used with 
Vignoles rails), two lenf^tbs to each pair of chairs, thus forming a cheap, 
strong, and duralile tie, which will be worth as mach as new ties would 
be after both have served their turn, while at th« same time using what 
is now a drug in the market. 

The newest proposition is, for the sake of cheapening iron ties, to 
employ soft cast-iron, avoiding the expense of rolliug, or, rather, for 
the same price to give more material and more weight to the tie. 

Such ties are made at HalbergerhUtte, near Saarbriicken, Germany, 
and are capable of being deflected (slightly) without breaking, and 
are tough enough not to break on being dropped by the men handling 
them. They cost tl.60 per tie and weigh 2^'0 pounds, instead of ILO 
pounds, the weight of the Haarmann tie. 

To obviate the objection of danger froiu spreading of gauges, the 
writer proposes to combine with this cast-iron tie a wooden one, for 
the purpose simply of holding in place bolts or spikes and preventing 
the spreading. The wooden ties thus used are only one-third of the 
thickness of those now in use, allowiug a saving of material. Longer 
bolts or spikes [by the thickness of the iron tie) are to be used. 

The additional cost of this construction, taking original wooden ties 
at $1.20 (now ^ = 40 cents) and ten ties for 100 feet of rail, gives 
^ — P280 X 40 c«nts = 17.04 increased cost (Y a mile). 

The Webbs metal superstructure, introduced on the JJondon and 
Northwestern Railroad, consists of steel ties (Vautherin profile), with 
six holes for chairs to be rivet«d to the tie. The chair consists of three 
parts, bottom plate bent to correspond to rail foot, and two side plates, 
the interior one adjusted to the rail profile below top flange, the outer 
allowing a space for the reception of a wooden wedge, which tightens 
the rail in the chair. The tie is 10 teet 7 inches (2.7 meters) and weighs 
with chair and bolts 175.6 pounds (78.9 kilograms). 

The newest system proposed and introduced ou their roads by the 
Bureau du Materiel fixe de la Compagnie des Ohemins de fer de I'JEat, 
in Paris, preserves as much as jtossible the rectangular cross-section of 
the wooden tie, especially the flat underside, which is important for a 
good underbatting ; it combines wood and iron as did the earlier system 
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of Cozyna and Debriferes in 1862. It ooosiats of a simple box with tUe 
two ends somewbat carved instead of being rectangular ; upper width 
of tie 250 millimetera ; lower, 220 millimeters ; length, 2.7 meters (10.6 
feet), diminished by turning down the ends to 2.5 meters ; weight, 66 
kilograms (14! poands). TUefusteuiDg is the important feature of the 
system, two clamps on either side of the rail, which may be fastened 
to or cat out of the tie, allowing ample space for the insertion or removal 
of the rail, A wooden block between the two seta of clamps driven 
under the rail brings this into place tight against the fastening cla'iips, 
which are adjusted to the rail prollle. Two spikes driven into the block 
on the inside of the rail hold it in place. 

The International Railway Tie Company at Boston offer a steel tie 
which has for a short time been in experimental use on the Boston and 
Maine and Maine Central Bailroads. It is of simple construction, 
weighing 150 pounds, and can be made at $1,25 per tie. The only ob- 
jection to it so far found has been a tendency to blow out the ballast, 
as might have been expected on account of the open ends of the tie. 
According to latest advice improvements in the construction of the tie 
remove this objection, and by simplification the price can be reduced 
to nearly 75 cents per tie. 

The Des Moines Street Railway Company have laid 1,000 metallic 
ties of the Johnson Street Steel Hail Company's pattern, weighing 30 
to 40 pounds and costing $1.25 per tie, the rail faisteued with clamps, 
one riveted to the tie, the other braced against a keeper and firmly 
bolted. The structure lies on cedar blocks with plank flooring, Mr. 
Frank A. Sherman, secretary of I he company, writes after six. months' 
use of the ties : "Aside from the cost (we estimate it as 3 to 1 for oak 
ties) we believe the metal ties practicable. They are easily and qaickly 
laid, can be removed readily without seriously disturbing pavements, 
and the rails are firmly fastened to the tie so that spreading of track is 
next to impossible." 
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Appendix 4. 

CONNECTION OF RAILROADS WITH FOREST FIRES. 



By N. H. Egleston, Atjent of the Department. 



Bailroads, in additioa to the great consumptiou of the foreats in- 
volved in their constrnction and use, as in the production of ties, bridge, 
trestle and platform timber, as well as building cars and securing a Bap- 
ply of fuel, are very deatrnctive to the forests by means of fires ocoa- 
sioued by tbeir engines. Investigation shows the latter sonrce of loss 
to be a very serious matter at present, and a more serious one proBpeot- 
ively. 

In the census year 1880 an attempt was made, under the direction 
of til© Government, to ascertain the extent of injury inflicted upon the 
forests by meaua of fires and the causes by which the fires were ooca- 
sioued. Thirty thousand circulars making inqniry on the subject 
were sent out, reaching every town in the country. Beplies to all of 
the circulars were not elicited, but it was clearly shown that during 
the year 1880 not less than. 10,274,089 acres of woodland were burned 
over, involving a loss of $25,462,250. 

Among the causes of forest fires, railroad locomotives were re- 
ported as among the most prominent, standing third on the list in 
this respect, only hunters and persons engaged iu clearing land having 
occasioned more. Uue-eixth of all the fires reported were attributed 
to them. Another and independent investigation attributed one-eighth 
of the forest fires to this source. 

The published reports do uot undertake to give the extent of each 
fire, or the value of the forest or other property destroyed in each case. 
We caunot say with precision, therefore, what was their extent or the 
damage occasioned by the fires sot by locomotives as compared with 
those originated by other means. But we have 503 fires reported as 
kindled by railroad engines. How many more may have originated in 
this way, which have not been reported, we have no means of ascer- 
taining. If we assume that the average amount of destruction occa- 
sioned by fires started by locomotives equals that of other woodland 
fires, then we have 1,712,348 acres of forest consumed and property of 
the value of $4,244,208 destroyed by these locomotive fires. This 
amount, therefore, is to be added to the consumption of the forests 
for ties, bridge timber, &c., in making up the aooonut of the drain upon 
the forests attributable to the railroads. 
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The followiog table shows the. percentages of forest fires occasioned 
by locomotives ia the severa. States so far as ascertaioable from the 
reports received : 

Table alunoipg number of foreat fires in 1380, acre/ burned, number of firct camed by loco- 
motivet, pereetitage of these compared mith forest fires from all caaate, and probabla 
value of property destroijei 6y looonwiiws in each State from which reports have been re- 
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There are some particular considerations in connection with forest 
flres which make them worthy of special notice. In the first place, in 
the case of cooiferons trees, they may not only consume the ripe tim- 
ber, caasiug its total loss, bnt they destroy the young trees, which would 
soon replace the full-grown ones and thus continue the existence of 
the forest. But this is not all. The destruction of the forests by fire is 
often much more disastrous, attended by eflfects reaching beyond the sim- 
ple destruction of growing wood, whether old or young. The lumber. 
man cuts simply the standing timber, leaving the ground to be covered 
soon by another wood growth, possibly not so good as that removed, 
but having an appreciable value. In a forest of deciduous trees 
many of the stumps soon send up copious sprouts, and, if cattle are not 
allowed to intrude, a coppice will be quickly formed. But where the 
forest is ravaged by fire, there is involved not only the destruction of 
the present stand of timber, or at least its great deterioration, but the 
roots of thetrees may also be burned and their vitality destroyed. The 
21753 FOE 9 nnoir 
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tree seeds aiso, which are in the soil reauy to sproot and renew tbu 
foresC growth, are consumed. Tbe very soil itself is often barned to- 
snch a depth that many years must elapse before it will regain the 
ability to su[)porl any uaeful growth whatever. 

Thas it apiiears that the railroads arc not only fireat consumers of the 
forests, in a legitimate way, for their own construction and maintenance 
and by the destruction of standiug tim ber occasioned by flres from their 
locomotives, but they also take away, in many cases, the reproductive 
power of the woodland tracts over which these fires may ruu. 

The esposnre of forests near railroad lines to destruction by fire occa- 
sioned by passing engines opei^tes to discourage the holding or plaut- 
ing of woodland in such situations. In some of our States Jires 
cause*] by locomotives have become so frequent and destructive that 
growing timber is regarded as hazardous property, lu New Jersey, 
which abounds in piue forests, the danger from locomoti^^es is so great 
that timber laud near railroads has only a noniinul market value. In 
Cumberland County, in 1880, a Hre was started by sparks from a loco- 
motive and spread 10 miles in one direction, consuming from 40,000 to 
80,000 acres of forest, involving a loss of $320,000. A correspondent 
from that county estimates that three fourths of all the fires in New 
Jersey originate from locomotives. Great destruction of the forests Id 
Pennsylvania is attributed to the same cause, and the annnal loss is 
estimated at millions of dollars. 

The fact that these losses are so great, and that they are not neces- 
sarily incidental to any important business ; that tlie destruction of the 
forests in this way does not, like cutting cord-wood to be burned in the 
factory, the furnace, or for domestic purposes, subserve important in- 
dustries or promote human comtbrt, but is a loss simple and total, ap- 
peals to all, to railroad managers as well as others, to employ every 
practicable means tor the suppression of these fires. 

LAWS IN EEGABD TO FIKBS OCCASIONED BY LOCOMOTIVES. 

The growth of railroads has given oiigin naturally and necessarily 
to a considerable body of law deiining and protecting the rights and 
enforcing the obligations appertaining to railway corporations. This 
body of law, however, relating as it does to corporate organizations 
which have come into existence within the last fifty, and most of 
them mthiu the last twenty or twenty-five years, is not as complete and 
definite as are the provisions of law which have been longer in the pro- 
cess of formatiou because relating to matters longer in existence and 
needing legal regulation. In our own country the responsibility of rail- 
roads for damages occasioned by fires kindled by sparks from their en- 
gines has been settled by statute in comparatively few cases. It is 
dependent mostly upon tiie application of the common law, and the 
adjudication of this difiers in the various States. It is a maxim of that 



^d by Google 



131 

law tbat one is to use and enjoy bis own property in suob a manner 
as will not involve the injury of another. It is held that fire, being a 
dangerous element, wboever liKbts a fire, whether in -a dwelling, in the 
field, or elsewhere, is bonnd to Iteep it so within his control that it shall 
not occasion damage to any one else. But he is held only to reasona- 
ble care and prudence in this respect, and there is room, in a multitude 
of cases, for dispute whether there was requisite care or soch negli- 
gence as to render one liable for damages. 

Id most of our States, as has been said, the liability of railroads for 
damage occasioned by sparks from locomotives is determined by the 
common law. Most of the Stiites, however, have made enactments on 
the enbject. In Colorado, for example, railroad companies are required 
to have a strip of ground, not less than 6 feet wide, plowed every year 
between July and October on each side of the line of road, sullieient 
to prevent the spread of Are. This is not required within the limits of 
towns or cities, or on roads running through mountains where plowing 
would be impracticable. 

In Connecticut the statute declares the foct that a fire was occa. 
sioned by a locomotive shall be ^imo /acie evidence to charge with 
negligence those owning or operating the railroad on which the loco- 
motive was in use. In Massachusetts wboever willfully or without 
proper care sets fire to the property of another is liable to a fine of 
$250, and fire wardens are directed to prosecute such offenders. 

In Illinois the fact that a Dre has been started by sparks from a loco- 
motive is made, as in Connecticut, presumptive evidence of criminal 
negligence. 

The law of Maine enacts that when property is injured by fire com- 
municated by a locomotive, the corporation using it is responsible for 
such injury, and it has an insurable interest in the property along the 
route for which it is responsible and may procure insurance thereon. 

In Maryland, railroad companies are responsible for injuries occa- 
sioned by fire, unless they can prove to the satisfaction of the court 
that there was no negligence. 

In Michigan railroad companies are made liable for all loss or dam- 
age occasioned by the engines or employes of such companies. It is 
provided, however, that they shall not be liable if the engines are in 
good order and properly managed, all proper precautions are taken to 
prevent the origin of fires, and proper efforts are made to extinguish 
fires, in case of their extending beyond the limits of the road, when the 
existence of such fires is communicated to any of the officers of the 
road. 

In N'ew Hampshire railroads are made liable for all damages. They 
are also declared to have an insurable interest in all property on the 
line of the road exposed to damage. 

The law of Vermont is similar to that of New Hampshire. 
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lu New Jersey it ia provitleJ tlia-; engines must have screens, and tbe 
fact of fire ia madei prima facie evidence of the violatioQ of the Jaw, 

The exposure of the railroad cum[)auiea to complaints on account of 
fires originated by their locomotives, and to suits at law for damages, 
as well aa other reasons appealing to their self-interest, have led to 
many and protracted experiments for the purpose of preventing dam- 
age to property arising from tliis source and inconvenience to pas- 
sengers. Many contrivances tor tliis purpose have been tried. Some 
have been, in a degree, anccessful, but moat of them have proved fail- 
ares in practice. Within a few years, however, spark-arresters have 
been devised which railroad engineers and managers declare to be 
so eflScieut iu securing the end desired that i t would seem to be imposing 
110 hardship on the railroad companies to compel them by law to fur- 
nish all their locomotivea, aa a condition of their use, with one or another 
of these aafegnards. An eminent expounder of tbe English common 
law says that though railway companies may be expreaaly authorized 
by atatnte to use locomotive furnaces of a dangerous character, " no 
statute can exempt them from the conseqnences of negligenct^ in the 
management of their railways, or the construction of their fire- boxes, 
chimneys, or fiirnaces whereby coals of fire are thrown on the adjoiu- 
ing property. If they neglect to avail themselves of all such contri- 
vances as are in known practical use te prevent the emission of sparks 
fVom their engines, they will be responsible for such neglect, and if chey 
run locomotives without statutable authority, in that case they are re- 
Hponsible for any damage caused by such engines in setting fire fo 
adjoining property or otherwise, although they have not been guilty of 
negligence." 

It would aeem that our interpretation of the common law should be as 
effective as that of England in protecting property from destruction by 
firos originating from passing locomotivea, or that our atatuie laws 
should be made to accomplish the same end. 



SMOKE-CONSUMING DEVICE FOU LOCOMOTIVES.* 

By J, N. Lauder, 

SaperiDteDdeat of Motive Power, Old Colon; Railroad. 

Ill preseutiog Ibis paper on soioke-cousamiug deviuea for loconotives, it is not my 
purpose to enter into tbe details of tbe meobaiD leal coostractioQ of tbe various devices 
Ibat have been ezperinieDted witb in a praotioal way during tbe last tbirty years, or, 
to speak more Bccorately, ever sinco tbe locomotive was brought iDto existence, but 
to give, in a general way, wbat baa been done In the past and wbat iit beiug done at 
tbe present time to mitigate tbe evils of tbu diacliarge of UQConsaoied prodncta of 
combustion from tbe cbimney of tbe locomotive. 
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The eraobe and nparkj that are disclmrged from the locomotive are eo aoaoying to 
passengers that on same of oui linea a trip by rail on a hot day is somotbing to be 
dreaded, and the danger to forests and other property from fires set by these sparba 
is, ia the aggregate, BDOrmouB. 

To the novice the remedy for all this woald seem to be to so arrange the furnace 
that perfect oombustion would take place. This may be done on stationary or marine 
euginei), where heatiug snrfaoe enongh can be provided to allow of slow and perfect 
eombustion, but in the locomotive the weight and size of boiler is litoited and arCiti- 
cial means mnst be used to provide for ench rapid oombnstion as is required when the 
eogino is developing its full power. 

The attention of locomotive mechanics has heen drawn to this qaestion of fnel- 
combastloD ever since the birth of the locomotive, but their efTorts to make it perfect 
have been only partially snocessfiil, and while the beating surface of onr boilers is so 
small in comparison with the requirements of the engines a forced draft will have to 
be resorted to. This fact being recognized, it necessarily follows that when the en- 
gine is developing its fall power the artificial draft is bo strong that small particles of 
coal will be lifted from the Are and drawn through the Sues nnconeuuied and dis- 
charged out of the chimney in the form of what is called sparks. The fact thatsome 
solid matter will be drawn throagh the flues from the fire being established, I will 
now briefly consider the vaiions meehanical coutrivancea that have from time to time 
been brought forward to arrest and dispose of these solids. 

Among the earliest contrivances (when wood was the oniversal fael used iu this 
coantry) was a chimney shaped like a funnel placed with the broad month upward. 
This broad end was covered with ■ wire screen, and inside of this chimney was placed 
a straight pipesomewhat smaller than the smallest diameter of the chimney, its height 
being about two-thirds that of the chimney. Over this, and near the wire screen, 
was monnted a deflecting plate with edges oni^ing downward, A spark -reservoir 
was placed in some suitable position near the smoke- box, and pipes were made to lead 
Irom the annular space between the chimney and the inside pipe to this reeetvoir. 
The operation of this arrangement was as follows: 

The nnconsnmed products of oombnstion that were drawn through the flues were 
driven by the exhaust steam upwards against the curved deflector at the top of the 
chimney, and the larger and heavier particles were forced down and into the spark- 
reservoir. Thelighterparticles wonldpasstotheatuiosphere through the wirescreeu, 
but would rarely have life enough to set anything on fire. The reservoir, however, 
was soon abandoned, as it was found Id practice that with wood for fuel tlie sparks 
were eo reduced in size by friction in their passage through the flues and chimney 
that they conld all pass through the screen to the atmosphere with little danger of 
setting fires. 

When coal came to be used as fuel the old arrangement of chimney was found to 
be nnsuitahle, and new appliances had to be devised. A new and annoying element 
had to be met — that of gas and smoke, cihnsedby imperfect combustion in the furnace. 
When fresh coat is added to the fire a vast quantity of gas is evolved and unless a 
safBcient quantity of atmospheric air is brought iuto immediate contact with it, it 
will pass off in the form of smoke. 

Variona plans to furnish the requisite amount of air, and at the proper time, have 
been tried, but the varying conditions under which the engine is working have so far 
made it practically a failure. 

Letting air into thefurnaoe over the fire, while it will prevent the formation of smoke 
if let in in siiffloient quantity, will also lower the stearn-producing qualities of the 
boiler. Air mised with a Jet of steam driven intfl the furnace over the fire has l>een 
tried at various times and in various ways, but it has always ended iu failure. D. 
K. Clark, the eminent English en.'jineer and author, iu his work on the locomotive, 
descrilMs a metbod of injecting air and steam mixed into the furnace of » locomotive 
boiler to promote the oombnstion of the gases. 
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Recent so-called iuventiona broDKbt out In this oonntr; are almost exact dnplicates 
of appliances descillied by Clark long ago. 

Kotary bloirers bave been used to drive the prodncts of combiistion from the smoke- 
box back to and into the fornace to lie subjected to a resuming process, but snch 
methods never got beyond the experimental stage. Double or twin furnaces have 
been tried, but while producing good combustion the mcctiauical di£Bcultiea to be 
overcome have thus far luterl'ered vith their siiccesg. Several years ago mechanical 
devices of various forms were quite largely used for driving the solid, uucousumod 
producia of combustiou from the smoke-box back through suitable tubes to the fur- 
nace, but they have nearly all given way to more modern and better methods. 

1 will now proceed to discuss the most approved methods of promoting combustion, 
and also the mechanical means employed to prevent the escape of sparks from the 
chimney. And here let me say, curious as it may seem, the wonderful discoveries 
made in the last twenty years in the prodnction of steel have a direct Lieariug on tho 
question under discussion. 

The substitution of steel for iron in rails and tires has madeit possible to so increase 
the weight of the locomotive that larger boilers can be used, and therefore a very mucli 
greater heating surface in proportion to the cylinder area, Thisfact njakes it possible 
to do what could not be done were soft- iron rails and tires still in use. 

The modem locomotive boiler has little to distingniah it from its prototype of thirty 
years ago. All combustion chambers, water tables, and complications of all kinds 
have been discarded, and we have the plain rectangular furnace, with plenty of lubes 
to freely carry off the products of combustion. Its leading feature is its size and 
large heating surface. Its enormoas evaporative power will be recognized when I 
say that this boiler, when pnshed to its full capacity, will convert .1,000 gallons of 
water per hour into steam. To accomplish this amount of work on a grate surface of 
only 18 square feet, very rapid combustion must be maintained, and this can be done 
only by a forced draft. A. forced draft means imperfect combustion, and imperfect 
combustiun means particles of uuconsumed coal drawn through the tubes. These 
iincouBumed solids must he arrested in their ooutse to the atmonphere and deposited 
ill receptacles where their presence will not be harmful. This is measurably accom- 
plished by the use of the appliances shown in the drawings. The smoke-box is made 
twice the usual length ; a coarse wire-screen la drawn across high enough to be above 
all the boiler fines ; the chimney is a plain, open pipe, smooth aud free from obstruc- 
tions ; the exhanst pipes are carried up through the screen, terminating in a single 
nozzle. lu front of the flues a deflecting plate is placed at a suitable distance from 
the ends of the flues, and ia set at an angle of about twenty degrees. The functions 
of this plate are twofold — first, lb equalizes the Ar&ft through the flues ; and, second, 
it deflects the sparks downward, and instead of their being s1iot upward through the 
ohlmuey they are banked up in the forward end of the smoke-box, there to remain 
until they are removed at the end of the trip. In the furnace is placed a fire-briok 
arch, extending entirely across the furnace and from the flue-sheet under the flues 
back about two-thirds of the length of the furnace. The gases, as they ariae from the 
coal, are forced to travel back and over thia archou their passage to the flues, and by 
the delay thus caused, and also by their contact with the intensely hot fire-btick com- 
posing the arch, are very thoroughly consumed. The uiiburned solids lifted from the 
Are are also prevented from being drawn directly inio the flues, the force of the draft 
caused by the exhauststeam in the chimney causing them to impinge against the hot 
brick, where the heat is so Intense that a large percentage of them are consumed that 
would otherwise bo drawn through the fluea in a solid stale. The brick arch is sup- 
ported on four iron tubes, placed diagonally in the furnace, connecting the water- 
space under the flues with the water over the furnace crown. These tubes not only 
make a reliable support for the brick, but best promote the circulation of the water 
in the boiler. 

The arrangement of smoke-arch described is not of recent design, but was patented 
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in BQbBtsaliallf its pieseat form about tweuty years ago by Mi. John Tbocnpsou, of 
East BoBtoD, who veta tbea connected with tbe Eastern Qailroad lu tlie capacity of 
master mechaDic. It was tried tbcrougbly by bim at that time, but wan abandoued 
for tbe reasoD tbst a comparatively few uiiles rna would fill up tbe suioke-arcb with 
sparkaund to interfere with the draft that the capacity of tbe boiler to generate steam 
in enffloient qaautitiea to supply tbe wants of tbe engine was destroyed. The email 
fDraacee used at that time aDd tbe powerful artificial draft made necessary thereby 
prodaced this result. 

As I alated in a former paragraph, tbe introduction of steel for rails and tires mado 
tbe use of larger boilers possible, and with their introdnotion came tbe snccessful nae 
of the spark-coDBumiDg and arresting devices desciibed. The railroad with which I 
am connected has had these appliances in use on a limited number of engines for the 
past two years, and in no caae has a forest oi otbet fire been set by tbem, and if kept 
in proper order I believe they are absolutely safe. 

Id ooDolusion, I wish to sa; that careful and Intelligent manipnlation of tbe fire by 
the fireman is imperative, and will do more to prevent tbe formation of smoke than 
any meobanical contrivances. 

Upon BoUcitatioQ the following letter on the same snbject was received 
hy the Department: 

IMPOBTANCB OF 8PABK-AREESTEE8. 

Cbicaoo and North westerm Railway Coupany, 
Dkpabtment of Motivb Powbr and Machinbrt, 

Chicago, October 27, 18S6. 
Hon. NORHAN J. CoutAN, 

Ccmuit»ioKer of Agricaltare. 
Dear Sir : I herewith beg leave to snbmit the following in answer to yoni reqneat 

in regard to tbe best appliances in use ou locomotives on the railways of this country 
for the prevention of bres on tbe lines of sncb railways, the preservation of forests, 
and all vegetation contigaous to them. It is a subject that has engaged and is, I 
believe, engaging tbe attention of many of the practical and scientific men of thu' 
day. Perhaps tbe subject has not yet received the attention it deserves, but I believe 
there is a growing tendency, both by railway ofl3cial8 and those not connected with 
railways, to solve this question ; and while I do not think we have attained perfec- 
tion, and never may attain it, I do think great improvements have been made in this 
direction within the last few years. For many years tbe almost universal practice 
■was to use what is called the ''Diamond Stack,'' which is too generally known lO' 
need a description here. While this and its appliances may have been faulty in prin- 
ciple, or in some particulars, it bas been considered tbe standard until within a few ' 
years, when to some extent it has been superseded by other appliances for arresting 
sparks, among which (and one that is meeting with the most favor) is what is known 
as tbe "Extended Front-end and Straight Stack." This device differs materially 
from the appliances used with tbe "Diamond Stack," both in construction and prin- 
ciple. With tbe "Diamond Stack" the practice usually bas been to place tbe netting 
in tbe stack over a cast-iron cone or deflector, the point of discharge of tbe exhaust 
pipes from 8 to 12 inches above tbe lower row of tubes in the boiler, and between 
tbe top of tbe exhaust pipes and the bottom of tbe stack, an intermediate pipe made- 
of a size to give tbe best rcsnlts according to tbe varying conditions, and designated 
ae an "extension pipe," "petticoat pipe," and by various other names, but all for 
the same purpose, altkough varying in construction, to equalize the draft aud carrj' 
the cinders that wontd be drawn throngh the flues in a straight line to the point or 
center of the cone or deflector; here they wonid be tnmed downward again and 
broken up by contact with tbe cone or deflector, and either be burned in the bottom 
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of the amoke-bos or pasa out tlirough the uBttia); above. Tliis isbutoaeof tliemanj 
devices in nee, varyiug in constroetioo, but yet eiabodyiog the aame general prinoi- 
ples. With the "£xt«Diled Front-end" tlie principle ia different iamany partiouIaTs; 
the exhaust pipoe are carried higher, the point of diacbarge being above the netting, 
oreatJDg what may be perhapa fiUj called a vucunm draft, instead of a direct or more 
forced draft (aa in the other devices named), thus admitting of a larger aTeaofuettin^c 
andeqaaliziog the draft mora perfectly than with the other arrangemeuls, in which the 
point of discharge ia below the netting and nearer (be bottom of the boiler or flues. 
Uy experience haa been that more complete combustion of smoke and gaaes ia ob- 
tained by this device than by the "Diamond Stack" and the applioncea used in oon- 
nection with it. The question of brick arcbea, or deflectors as on aid to oombuBtlon, 
has also received a good deal of attention and diaoussion ttoia many who have made 
careful experiments with them, but I believe there is a great difference of opinion in 
regard to their utility for that purpose. My own experience is, that I have got better 
results from their uae aa an aid to combustion, and also as a preventive of fire being 
thrown from the stacks of locomotives than without them. While no doubt a large 
peroeutage of the destmctlon of forests along the lines of railways may be attribntable 
to flies originating fh>m sparks fh>m stacks and aeh-paDS of looomotiveB, yet it ia also 
a qneation whether, owing to tbe Imperfeot GomhnstioD, a iRrge peroentoge is dne 
also to the escape of noxious vapors and gases from locomotives. At the time this 
may he an anseea factor, yet I believe it is a very potent one, and one, too, that can 
be overoome only by more petfuot appliances fbr effecting that result. The practice 
now 'ia, largely, iio inoreaae the dimensions of the cylinders of locomotives to the 
maximum which boOera with our preaent standard gauge of rood can be mode to 
supply. This forcing process I presume will prevail as long as coal can be furnished 
fbr fuel b> locomotives as cheaply as it is at present on many of the large railroads of 
the country, and in view of the increased tonnage locomotives can haul under thie 
system; for it is a process quite necessary in generating steam enough to anpply 
cylinders, which are perbaps not always in proportion to the boiler-capacity, nor 
with the end in view of a more perfect combustion. 

In regard to the best applianuea to prevent the evils complained of, I have en. 
deavored aafarae possible to confine myself to my own experience in the matter, I do 
not think it is my province to commend any one or particular device for this purpose, 
nor do I think that any one can, in view of the fact that the seivioe on the railways 
of this country and ita conditious are so varied. The great difference in tbe quality 
of the coal used on tbe different roads, and many other factora, all combine to make 
it difScult to recommend any one device that would be applicable to all ; while the 
same general principles miglit apply if modified to meet the requirements of differ- 
ent kinds of service and oonditiona. But from my own experience I believe that we 
are obtaining, and shall obtain, better results from tbe use of t!ie " Extended Front- 
end," aud its appliance, in the way of combustion and leaa liability to fire, than from 
the use of tbe "DiaraondStack" and its appliances. I believe also, if the importance 
of the matter should be properly presented to the managers of railways of this conn- 
try, and a reasonable amount of discretion is allowed to officials in charge of the 
motive power of our railways to make a system of careful and intelligent esperimenta, 
the beat resnlts will be obtained. 
Very truly yours, 

G. W. TILTOH, 
Superintendent MoHve Poaer and Machinery, 
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linea. 2B, 30. 
Uiciilgan Central, Cn , ciperience of, u to 

Injnry by flre to adjMent foreats. SO. 
Missouri PaciSo, Co.. forest treea planted by, 

27. 
Northein PacidcCo., eipriience of, in tree 



Kailroads: 

Acres of timber anuaally cat over for mai 

tenauce of. 18. 
CoDueotlOD of, with forest Hres (N'. H. Eglt 

ton), 128. 
Cabto feet of timber annnally consnaed b; 

Demands of, on forest supplies. 14. 

Early establishment of, 13. 

Geographical Relation of, to Forest Are 



:ijumber of. 
Per cent, ol 



1 State built by aid of I,an< 

umber of, 13. 

aided by Landgrauts, 13, 



in I ea to gron- 1 Im Tjcr for tbeii 



Germe 



M of Companies iisln{ 



get Kzed, used on Clilcago, Bock Island and 
PaoiHoroad, 83. 
DunibiKty of. when impregnated, 21, 
IiupregQAteil. namber of, nsed on Qerman 



.,=ji,Googlc 



Oct), eiperieoce of Baateru 

tiuj (Mats.) nlth, 

IB Chicago, Sock Island and 
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Seclione (tails), weight of, naedin Iracka, SI. 



Of tiea ased hj Railroad so 
OF wood- fibers In varioi 

Soalhem FaciBo Railroad Com] 



SeasonlDR of, to prevent dccu; 
Size and age of trees cntfor, ! 
SiiB of, need hy New York Cen 



BeainouB products, effect of, (n i 

leai-ed Pine limher, 46. 
Boad^bed i 

BehaTloroFtlealo, 31. 
Causes of decay of ties la, : 
DarabllltyofCbeBlDDttiei 
Dnntbllit; of Hemlock tie) 
Dnrabllity of Long-leaved : 
Daiabilityof tresledaad n 

tlesln. SI, S2. 
Darabillty of White Cedar 
Dnrabllily of White Oak t 

Neceasity of draining whe 



B,!S. 



io-plantlog 



coualdered 
Lting Long- 



Southern pine. (See Laug-leHyed Pine.) 
SEiark-aTTeeters(Siiioke-CDDBnmlagdeiIceBfocLo- 

DeacriptioD of Taiions deiiesB nsed. 133. 

"Diamond ataok," 13fl. 

"Extended FroDt«nd and Straight Stack," 

ImpottiDce of. I3S. 
Uld Colon; Uailroad, paltera of, ISS. 
Speoltic gratlty ! 

Of Chestnnt, 10, 53. 

Of Hemlock. 53, 

01' Long leaYed Fine (YeUow Pine), ES. 

Of TamaracL, fi3. 

Of WbHoCedor, S3. 

or Weatem Lar.h. 53. 

Of While Oak, 36, 5S. 



wood-dbera. 01. 



In White Oak tien, 38, 59. 
In Yellow Pine ties, 5». 
pruoe: 

Lumber, Eyanized, life of, SO, 82. 
Ties, cteoaoled, coat and life of, TS. 
Wood, amount of Chloride of Zinc Isolntion) 
absorbed by,82. 



DSumed for lelegmpb poles, 



lUes- (See: 
Stflepiog wood : 



auddry wood at different 



Of Ti 



ared Pli 

.ck, 51 (52). 

■D Larcfa, 62. 



45. 



Of Western 

Of White Oak 35. 
Sulphate of Copper: 

For preservioi; wood, 33, T«. 

Methods and aabstaoces used to 
ing out of, in timber, 85. 
Sulphate of tiou: 

For impregnating Tamaraok v 



.,=ji,Googlc 



Adeqnaoy of, of timber for Baa way conitmo- 

Uon, le. 
Of Ue-tlmbei dlmlnithiiig, ». 
0( timber Id trwieu plains prodactd lif cnlt- 



s, £-2. 
«rlBnd, nn 



mberofmlltnoftr 



Chemlciil HmtlyBls of, S3. 
Darabillly and qoalicy of wood, SI. 
Fungi srowlng on wood of, fi£. 
Life of iBiproEDBted tlei, . 



R-ofui 



eated tl< 



.a. 



Older of d( 

PreaaiTBlion of, bf antiMptJc*, ST. 
Sl» of wood flbera, Bl. 
Speclflc f{T»Tltj of, tS. 
Struclareof, B1(S2). 
TlsB, Bamettiied, life of, £2. 
Ties, kind M traffio be«t 
Weight of wood per cob 
■miin(aeeWel1hou8eProo 



fil. 



ol progerrlng Om- 
ayy oil of, for preaertiug wood, 78, 77, 78, 
)lo^, Eoapp*!. nalefiDm. ao CompoailiDn 



auppl J demand 



EacBlrpUia, bebaTlor of, iu lue, 27. 
Kinds of trses used for, 19. 
Nnmber of enbto feet of tlmbec in, Ifl 
Namber of miles ol liaa constructed. 
Number of; required permlle, 10. 



Antlaeptio ue 



to destroj plies, 08. 



Annaal Cbarges for, B, K Femow, 10}. 
Butnetli£ed-In use on Flusblog Railroad, 33. 
Canaeaofdeeayof. in road. bed. 31, fl7. 
Cost of preaarving. by different methods, 68. 
Creoaoted, owt and life of. In France, 78, 
UypreBB, oreo«ote<I, lite of, 78. 
Decay.ol, due to fungi, 82, 8T, 
Deatractioii of, three principal agents, S5. 
Durability of, when Impregoaled, 21. 
Eosalyptua, behailor of, in road-bed. 27. 
Impregnated, number nsed on German roads. 

Elnde of trees nsed for, 10. 

Kyanlied. life of, 80. 

Length and slie of, G9. 

Metal, B. £. Femow {see Uetal ties), 108. 

Uetboda and substances to prevent washing 

out of antiaeptloB, 89. 
Hamber of acres of timber to be annually out 



Nnmber ofsublo feet in, 1^ 17. 

Ifnmber of. out pec acre, 17, IS. 

Knmber of, reqnlied per mite of track, h 

Paints to be con^dered In compnlinjc ai 
cost of renewal of, 123. 
Ties. Beech: 

Barnettizcd, life of, 82. 

Creoaoted, life and oost of, 78. 
Tle*,CbeBlBut! 

Dnrablllty of, il. 

Fnngl growing on, 42. 

FreaerTation of, 42. 

Price of, 43. 
Tlea, Fir: 

Burnettised, life of, 82. 

Creoaoted, llfeand coat of, M. 
He a. Hemlock; 

BarnetUivd, durability of, SO. 

CbarrlDg of, So. 

1>uiabllltj o(, 40. 

Eatlnials on eoonum; of using, 02. 

First cost of lontreattd}, M. 

Kyanlied, durability and cost of, SO. 
Ties, Long.leared I'Ine : 
Creonoted, 48. 
Dlfflculty of imprognallng, dne to stmc 

40. 
Dnrability of, 47. 
Fungi growing on, 47. 
LiabUHy of W split lo spiking, 47. 



Ity, 48. 



of, 48. 



Yulcanlied (Yellow Pine), 48. 
Ties, Tamarack: 

Antiseptics used lo treating, SI. 

Durability and quality of wood, SI. 

Fnngl growing on, S2. 

Kind of traffic beat soiled to, 51. 

Troaied and untreated, life of, SI, S2. 
Tlea, White Cedar: 



Unral 



r of, 43,44 



Kumber of, puC under a rait, 44. 

Price of, 43. 
Tiea, While Oib: 

Bnrnetiiiei), life of, B2. 

Durability 0(38,78. 

Fnngl growing on, 30. 

Number of trees cut for, anuuall;. 19. 

Preservation of, 80, 78. 

Time of cutting timber for, 30, (87). 
TiltOD, G. W., Importauce of Spark-arieatera, 130. 
Timber: 

Acres of, lobe cut annually for maintenanee of 

Adequacy of supply of, 19. 

Bridge and trestle, number of cnhio feet used 

by Railroad Companies, IS, 17. 
Bnrnetllsed, behavior of, in use, 32. 
Uarbonlzing of, before impreicnatiug witb 

wood-creosote oil, IDl 
Calalpa, plantallons o^in Califbinla, 28. 



Timber— Conlinnsd. 

CHlalpH, pluDtiillnD or, lu EauBU. ! 
Cbeckloe CDosumptlDU of, by prei 



Duration of, in brldgBB, c 


ulvert*. etc. (foot- 


note), 15, 18. 










For mointeoonoe ot trauk, 


oUl nnmlter cubic 


feetnaed,!?. 




Fortetoef«pbi«.ks,CBbk 


Mtof.fn 096.16, 17. 


Eeinlo«k,48. 




ImportimcoofBroKinB. fo 


fqlore Bnppiy. 20. 


Inereiwe in bending Btren 


Etb of, bj creosot- 


ing, 10*. 




£iudB of, cbieflf nscd for 


ties and other nll- 


ro.d limber, M. 




Kyaaiied, adTantogeg ot fo 


rceitainpuipoBB^ 



Larch, cuitivation of, in Illinois b; lUiDola 

Central Rsiiraad Compaaj', 29. 
I,ani[-linved Fine, 4S. 
Methoda and BabBteDcea for treating, to pre- 

KnmbeFoffeetor (b.m.Ktomakeatle (foot- 
note) , 15, IS, 81. 



Qnalityandkini 
Kedirood, octoa 



of, oBOdiD Bailwajconatnie- 
slne of. DDnanmed In milling 
r of het (b-m.) WMted In 



n KansaB by Fort Scott and Gnlf Eaflroad 



Nceeaeity of, for rallrcad eopplte.. 22. 


Beech, 07. 


Neoeaaltj and 8ucce»» of, In Wealeni State*, 


Sneet Gum, ST. 




S.ToamorP, 07. 


Opinions of RaUroad Companiea u to adviaa- 


White Elm, 67. 


bilitj of spending money in, 30. 


White Oak, 67. 




While Pine, 67. 


engaging in, 22, 23. 


T6llOffPiuc67. 




Tollow PopLir, 07. 




Webbe metal soperstn 



length of. Mid of read (f 



Land by side of. 
Ncceseity of seasoning tlinbei 
New York Central 
road, lengfh of (fo( 



idBon Kiver Rall- 



Nomber of miles of, in United States. U. 
Partial and penaanenC ael of rails in, 56. 
Treatment of wood, to prevent deoay : 
AntiBeptics uacd for, 76. 
Cost of, by different methods, SS. 
Methods aail eabstances used In, to prevent 

waeblng-ont of antlBeptics, 85. 
Melhoda of, (3i), ) 42, 48, 50, 51 . OS, 73, 75, IM,) 102. 

Catalpa. plpnled in California. faUare of, 28. 
Catal pa, planted in MiBsonri, 27. 
EnoaljptUB. planted io California, 28. 
Kinds of, used for telegraph poles. IB, 27. 
Planted by Kallroad Companiee, 20. 
Size and age of, cut for ties, 27, 31. 

nnloa Paoifla Bailroad Company, opinion of, as to 
damage by dre to adjacent forest giowths, 
80. 

Undulations foimod in rnila under traffic, 56. 

Vacunm procesa (Bumettizing) of preaerviDg 
wood, 75, 
AmoQDt of pressnre required for, 75. 
Time required to effect Ihorongb Impregnal ion 



producing a tie, 10. 


Of Enoalvptna limber for ties and telegraph 


Redwood, pricepaid for Ilea of (footnote), IB. 


pole(s27. 


Eouod, cubio feet of, consumed for track Urn- 


Of Hallway Companies' land for tree culture, 


ber and cooatmotlon, Ifl, 17. 


30. 


Seasoning of, to preventdeoiy, 82, 33. 


O/aeaaoningthnher, 32,33. 


Stmctore of kinds chiefly used for railroad 


or Tamarack tios for heavy traffic. 51. 


parpowB, 3*. 


Of Thilmany Process tor retaining antisep- 


Tamarack, 51. 


tics In timber, 35. 


Tie, coat of preserrini- by different methods. 


Of WeUbonae Proceaa for retaining anllaep. 


flS. 






Of White CecUr io roads ot light traffic. 43. 


tion,15.17. 


Of White Ojk for track timber. M- 




Of windbreaks adjaceof to ruUroad tinea, 


Waste of. ia making lies, 15,20. 


H. 


Western Laroh, 52. 


Of ZlDc-cicOBoto Process for retaining anU. 


White Cedar, 42. 




White Oak, 35, 


Of Zinc-g.TpBum Process for retaining antl- 


Xieldof. per acre. 17.18. 








Aldlu ho given byRailroiid CompanicB for aJ. 


Wabaah. Et. Tdnia and Fadfic Company, position 


vancemenCof. 25. 


of, in regard Io eipending money In timber 



148 


Veight ur nieUl ties, 110, 113, 117, 118, 122, 126. 


Wood-Co 


m. 


Green, 


Wlnd-breslu<att»M|,olt|eotlODab>,»lang nU- 


lie. 


W»jIlllBS,2». 






iS. 



escBiie of MCleeptlcB, M. 

Sabstuioea uttd in, f!e. 

Worka esCablithed for opentlou of, St. 
TVeBtera L»roh. (See LBroh.) 
WhlM Cedar: 

Adheeion of spikw in Ilea of, 58. 

Annual diameter £rowtli, 42. 

ChemLoal aaalyeia of, N, 

Coatof tlu,4S. 

DncabllltjoftleB, 4S, 44. 

FoDgi growinjf on wood of, 44. 

Geographical dlatrlbnUon of, 42. 

Kind of ttafflo beat anlted to tiea of, 43. 

Saaialance of, to indentation, 93, H. 

Siie of waod'flben of, 43. 
of ties of. 43. 



roof, i 



m, 491. 
ed, life of, 83. 
1 aiie of. as. 



Weight of w 
Wkite Onk : 

AdhoBlou of spikes <d ilea of, S8, »fl, 03. 
Amoaol of Corroaire SobliniaM (aolntion) ■ 

aorbed by, 7g. 
Amount of Chloride of Zinc (aolntion) 1 

aorbed by, SI. 
Change of heart-wood to aap-wood. 37. 
Chemical analyaiaof, &3. 
Durabilityortieaor,ln road.bed, 38. 
Fongl growing upon wood of, 89. 
FreBerviagproiwsseBeinployedtor,8t>, Tt>. 
Baalataoce of wood V> tndentatloii, 53, E4. 
Bizo of wood'dbera. 3fl. 
Specific gravity of, 30, BS. 
Stmotareof, 35(4SJ. 
Tiea, Baniettiied, average Ufe of, &. 
Ties, life " - - - 

ooat of. 78. 



Valoe of wood of, aa detemiined by experi- 
ence, 38. 
Weight of wood per cubic foot, 93, 37. 
White Pine : 

Amonnt of water in cnblc Coot of, 97. 
Amount of air and aap in oeli-atruetaTO of, 

tn. 

Weight of wood per ooMo foot, 97. 
Wood: 

And metal combined for ties. 128. 
Carbonizing of, before impregnation with 

wood-oreoaote oil, 102. 
bacay of| caaaa of, 07, 
Dry, amount of water In, tM. 
DnraUlit; of, afleoted by time of catting. 



Increaae in bending atrength of, by cmoaot- 

Ing, 104. 
Elndiof, penetrated laal by preaervingjuida, 



< of kinds of, chiaflyneed 

.batanoea, treatment of, to pre. 

; out of antiseptics in, 85. 

'., by painting with Carbolin- 



Magnlfied atmi 
for timber, S4 
Methods a 

(See Long-leaved Pine). 
(Bee Tamarauki. 
(See Western Larch). 
(See White Cedar). 
(See White Oak). 
Steaming, to pi'eserve, 88, 74. 

kinda. 53, 94. 
Wood-CroOBOle Oil : 

Chemical an alyais of, 98. 
Companies engaged In msuafacture of, 
and from what wood Dianafaotnr< 



101. 
freparalion 



Ising) of timber 



treated wltb 
Qaalily of, and other prodacta yielded per 

cord ei weod, 89, 
Report on. W. H. Biiby, 89. 
Situatiou to which timber treated with, la 

epeoially adapted, 103. 



aaof.ai 






■■ F«tty p 



'eoaote derived from. 



oua destruclive agencies, 100. 101, 103. 

Composition of, 68. 

Loog.Ieayed Flue, alie of, 43. 

Specific gravity ot 68. 

Tamarack, sise of; 9t. 

Weetem Larch, siie of, i2. 

White Cedar, aiie of, 49. 

White Oak, slie of, 30 (92). 
Wood preservation; 

AntisepUes used for, 70, 98. 

Advantages and disadvantagea of { important 
questions concemlng tlie adoption of differ- 
ent raelhoda ot. 82, 99. 

Methods of (aeeaiaa Preserving), M. 08, 88, 103, 

Eeport on different metboda of, by Com. of 

Suceeaatui eiperimenla on. table of, 88. 
Wood, aap {see Sap-wood). 
Works; 

Buraetliilng, 8i. 
Creosoting, 70, 78, 

For manufacturlDg wood-creosote oil. 98. 
For operetluK Tbilniany peooeaa of treating 
Umber to ptovent wsshlog oat of antlBep- 
ticB,8*. 
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W0rkB-Coatiua( 
For openting 



Ihouae proceea of trentinK 

liter, cost of ealablisliiaE, 
itC1iioago,lll..eT. 



Zloc, Chloride of— ContliiQed. 

Cost of preserving timber with, 89, Bl, M. 
Metbods of proTODtiDg vaghlng out of, In tim- 
ber treated wlt)i,85,8B,BT.' 
StreDgtli nf Bolution uaed for impreipiHtlag 

wood, 81. 
Works establiabed far uee of, 82. 
ZinC'OreoBote Process of Ireatiug timber to pre- 
heat escape of BDtiseptici, 37. 
Zino-gypsnm Process of tteatlDg timber to pre- 
vent esrapa of aDtJseptica, 87. 
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